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Subclass I. MYXOPHYCEAE stt/. 

Tliallopbytes of simple construction possessin^^ a blue coloring 
matter, known usually as pliycocj’^anin, in addition to the chlorophyll ; 
plants uriicollular, or in colonies of regular or irregular form, or in 
longer or shorter, simple or branched filaments; cells discoid to 
globular, cuneiform or variously shaped, possessed of a distinct but 
very thin cell wall, a protoplast differentiated into a central chromatin 
containing body (nucleus, but without m(*mbrane) and outer color 
containing layer (cytoplasm and chromatophore?) ; granules (reserve 
materials?) of various kinds generally found in the cells, often 
arranged very definitely as regards certain cell walls; cells whether 
single, in colonies of regular or irregular form, or in filaments com- 
monly surrounded by a more or less ample tegument of gelatinous to 
cartilaginous consistency, colorless or of various shades of yellow, 
brown, red or purple, structureless or stratified in various ways, com- 
monly in the form of a “sheath” in the filamentous forms, the sheath 
enclosing one to several or many rows of cells (or trichomes). Multi- 
plication: (1) by cell division, separating single cells (coccogonia) 
or short filaments (horinogonia) ; (2) by spores, either formed within 
a cell (gonidangium) in larger or smaller numbers (gonidia) or by 
differentiation as to size, shape and contents, and the formation of a 
thick outer coat (resting spores) ; sexual reproduction unknown. 
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Myxophyceae Stizenberger, Dr. Ludwig Rabenhorst’s Algeii Sach- 
seiis, 1860, p. 18. 

Myxophykra Wallrotb, FI. Crypt. Cerin., vol. 2, 18.‘J3, p. 4. 

Gloesipheae Kuclz., Phycologia goneralis, 1843, p. 179. 

Phycockromophycvav Rabciih., FI. Eur. Alg., vol. 1, 1864, p. 1. 

Cryptophycmc Thuret, in Le 3 oils, Liste dis Alg. du Cherbourg, 
1863, p .13. 

Cyanophyceae Saehs, Lehrb. d. Bot., ed. 4, 1874, p. 248. 

Schizophycrac Cohn, Ueber Thallophytsystem, 1879, j). 279. 

The Myxophyeeae, or Cyanophyceae, as they are perhaps better 
known, constitute a fairly compact and easily to be distinguished 
group of more simple and smaller plants. The cell structure is simple 
in that the protoplast lacks the distinct differentiation into cytoplasm, 
nucleus, and chromatophore found in other groups of the Thallophyta 
and in the Embryophyta, and there is certainly no distinct mitosis. 
The stature is slight as compared with that of jdants of most other 
groups, the largest plants being only a few centimeters high. The 
morphological differentiation of the various gen(u*a and species is also 
simple. The reproductive metliods are very simple indeed, being 
either purely vegetative or by non-sexual spores. N(‘ither sc^xual 
reproduction nor zoospores are known in the Myxophyccae. Some 
filamentous species arc motih^, at least under certain conditions, and 
the hormogonia are said also, in the case of certain if not all species, 
to be motile, although largely of microscopic or very slight dimensions. 
The cells, colonies or filaments of most of tln^ Myxophj^ceae occur in 
such numbers and so densely aggregated, or even agglutinated together 
as to form layers or masses of various shapes which arc sufficiently 
conspicuous to be readily visible or even very noticeable. The 
Myxophyccae inhabit damp places or shallow waters even at fairly 
high temperature, and some non-marine members of the group even 
ascend, in thermal waters, to about 77'" C or possibly higher. The 
Myxophyccae are often found in waters containing decomposing 
organic material. Some of those inhabiting calcareous watci*s are 
concerned in causing deposits of tufa or travertine, while some species 
bore their way into shells. Some species in silicious thermal waters, 
in turn, are closely as.sociated with the deposit of sinter. Many species 
are epiphytic, some even are more or less deeply endophytic while 
some are associated with fungi in lichen formation. 

The Myxophyccae do not seem to be closely related to the other 
groups of Phycophyta although there are certainly close resemblances 
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to be seen between the vegetative conditions of certain unicellular 
forms of Myxophyceae and those of Chlorophyceae. A much closer 
resemblance is seen to be with various forms of the Schizomycetes or 
Bacteria, so close, in fact, that it is often difficult to decide whether 
a given cell or filament ought to be assigned rather to the one or to 
the other group. Yet there are differences, as West has clearly 
pointed out (1916, pp. 38, 39). It has been the custom, however, to 
group the Myxophyceae and Schizomycetes together in a group by 
themselves which Cohn has designated as the Schizophyta. 

Key to the Orders 

1. Vegetative multiplication by single cells (coccogonia) : unicellular forms either 
single or in larger or smaller globular or irregular colonies, seldom filamentous.... 

Order 1. Coccogonales (p. 4) 

1. Vegetative multiplication by groups of two to many cells (hormogonia) ; multi- 
cellular forms, distinctly filamentous Order 2. Hormogonales (p. 5l) 


Order 1. COCCOGONALES atkinson 

Thallus unicellular, associated into loose, more or less gelatinous 
families, or occasionally pluricellular, free floating or attached ; multi- 
plication by direct cell divisions or by division of specialized cells 
(gonidangia) into few to many small, non-motile cells (gonidia), or 
by both. 

Atkinson, A college text book of Botany, 2d ed., 1905. p. 163. 

Coccogoneae Thuret, Essai Class. Nost., 1875, p. 377. 

Thuret {loc, cit,) was the first to emphasize the distinction between 
the two groups of Myxophyceae, or Nostochinees, as he designated 
them. The Coccogoneae were distinguished from the Hormogoneae 
(Thuret, loc. dt.) merely by name without further definite statement. 
In 1886 Bornet and Flahault (p. 323) stated that the separation 
between the two groups was made on account of their method of mul- 
tiplication but without stating the exact nature of the method. The 
group was first definitely characterized by Kirchner (1898, p. 50) and 
it was defined again by West somewhat later (1916, p.‘ 40) . The proper 
distinction is that vegetative reproduction may take place by single 
cells (coccogonia) instead of by short rows of cells (hormogonia) and 
in general the members of this group may be distinguished as being 
unicellular (or in non-filamentous colonies) instead of being properly 
filamentous. 
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The majority of the species whether in filamentous form (as a 
few of them are) or unicells, or even the iion-filamentous colonies, do 
definitely reproduce by vegetative cell division, separating cells which 
individually arc capable of further growth. A few species, particu- 
larly those of the genus Dermocarpa, have no strictly vegetative 
method of multiplication, reproducing only by gonidia, yet in every 
other way are closely allied to the rest of the genera included under 
Coccogonales and must, therefore, be placed in this order. 

The order is usually divided into two families, viz., Chroococcaceae 
and Chamaesiphonaceae. 


Key to the Families. 

1. Multiplication by vegetative cell division (coccogonia) or by encysted cells 

(resting s]>ores); strictly non-filamcntoiis Family 1. Chroococeaceae (p 5) 

1. Multiplication by vegetative cell division (coccogonia) and by endogenous gonidia; 
unicellular, in globular or irregular colonies and, at times, distinctly filamen- 
tous Family 2. Chamaesiphonaceae (p20) 

FAMILY 1. CHROOCOCCACEAE naeo. 

Cell solitary or associated into families of indefinite shapes and 
sizes, free floating or attached; cell wall usually thin, surroundt^d by a 
more or less copious gelatinous or mucilaginous, at times highly 
colored, tegument; protoplast homogeneous or granular; multiplica- 
tion wholly by vegetative cell divisions in one, two, or three planes, 
the cells separating immediately, or remaining in contact for a longer 
or shorter period of time after which the teguments dissolve and 
liberate them. 

Naegcli, Gatt. einz. Algen, 1849, p. 44. 

Naegeli, in founding the family Chroococcaceae, included some 
eight genera, all of which, by common agreement, remain within the 
limits of the family. Later writers added genera some of which have 
been separated to form the family Chamaesiphonaceae of Borzi. Vari- 
ous distinctions have been attempted between these two families but 
it seems to us that the only satisfactory basis, at present at least, is 
that of the lack of gonidia-formation in the Chroococcaceae and its 
presence in the Chamaesiphonaceae. This was, at least, one of the 
important distinctions in the mind of Borzi (1882, p. 312). Later 
writers have found difficulties in this (cf. West, 1916, p. 41) because 
of possibly greater prevalence of gonidia-formation among members 
of the Myxophyceae than had been lireviously described. Some of 
the described cases, however, must, as it seems to us, be more definitely 
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substantiated and more carefully studied, to constitute a really decisive 
objection. In this account the ])resence or absence of gfonidia, tojjjether 
with the presence or absence of certain other characteristics to be em- 
phasized under Cliamac^siphonaceae, wdll be used in det(Tininin^ the 
membership of each of the famili(*s of tlie Coccofj^onales. 

Kky to thk Gkvkii\. 

1. Cell division in 1 plane; plants 1-2 celled 2 

1. Cell divi'^inn in 2 planes forming a platc-likc colony .. .'5. Merismopedla (p 8) 

1. C/cll dividon in It planes forininj; solid c donies 3 

2. (kills pjlobulMr without distinct tegument 1. Synechocystis (p 6) 

2. Oils long(*r than broad or thick, toguinent pre-^ent neil.her thick nf)r strati- 
fied 2. Synechococcus (p 7) 

3. Cells within the c )lony with distinct, often stratified teguments 4 

3. Cecils within the cjilony without distinct or stratified teguments 5 

4. Colonies irregular in shape not forming a distinct thallus 

4. Chroococcus (p 9) 

4. Colonies forming a distinct, lobulated, hollow thallus 5. Placoma (p 11) 

5. Colonic's free*, or only slightly attached, cells without definite arrang(‘ment 

(). Anacystis (j) 12) 

5. Colonies epij)hytic or jiartially endophytic, cells arranged in more or less dislhict 
vertical rows..., 7. Chlorogloea (p 15) 


1. Synechocystis Sauvageau 

Cells spherical, free, separatiue; soon after division, with V(‘iy thin 
walls, and blue-j>:reen protoplasts; cell division in but one plane; tej^n- 
ments wanting. 

Sauvageau, Sur les algues d’eau douce, 1892, p. cxv, pi. 6, fig. 2. 

The genus Synechocystis is to be distinguished by its spherical 
cells, elongating slightly just before division, dividing in only one 
plane, and absolutely devoid of tegument. Its nearest relatives are 
the species of Synechococcus. 


Synechocystis aquatilis Sauvageau 

Plate 1, fig. 7 

Cells globase, 5-6/i diam., single or geminate, cell wall hyaline and 
very thin ; protoplast verdigris green. 

Forming an irregular layer in pools of salt marsh. Alameda, Cali- 
fornia. 

Sauvageau, loc. cit.; Gardner, Cyt. studies in Cyan., 1906, pp. 239, 
268, 280, pi. 26, figs. 40-44; Collins, Holden and Setcliell, Phyc. Bor.- 
Amer. (Exsicc.), no. 1206. 
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Tlio d(‘S(;ription above is translated from Forti (1907, p. 20) 

and is Saiiva^eau’s deseription of the plant found at llammam- 
Salaliin, Alj^eria. It may be seriously (piestioned whether tlie plant 
distributed by Gardner from the drip})in" sides of a water tank at 
Berkel(‘y, California, which was subniittc*d (in du])lieate) to Saii- 
vageau by F. S. Collins and received his sanction, is the same as 
no. 1552 (Jardner which was found forming' an irre<j:ular layer in pools 
of a salt marsh at Alameda, California. The cells of the latter speci- 
m(*n an^ slijrhtly smalh'r tlian those of the B(‘rk(*h‘y speeinam or as 
(?iv(*n for the type*. The cells of the Alameda plant are 4-4.5/i. in 
diaiiK'ter in tin* strictly sph(^ri<*al stajre and show no tc'jyunient even 
on being treated with methylene blue. 

2. Synechococcus Naeg. 

Cells elliptical or cylindrical, single* or adh(‘ring in pairs for some 
time after cell division, free from enveloping jelly; color blue-green 
or yellowish; cell wall thin; division in but one plane; tegument lack- 
ing, or at least extremely thin. 

Naegeli, (ilatt. einz. Alg., 1849, p. 5G. 

The genus t^yurchococvun is closely related to tl)o genus Hynevlio- 
cystia and the two seem to intergrade. Tiny are both unicellular, in 
the strict scns<*, with divisions in a single plane. They are both lacking 
in tegument, but some species of Synechococcus seem to have a light 
enveloping jelly and approach the genus Gloeoihece. As in other cases 
among the (Miroococcaceae, it seems best to retain the distinction as 
generic even though it be slight. 

The type species of Synechococcus is S. elongalus Naeg. from the 
Katzensec n(*ar Zurich in Switzerland. 

Synechococcus curtus Set(diell 

IMato 1, fig. 6 

Ck*lls single or united by strands of transpanmt jelly, slightly 
elongated, with obscure cell wall, and pale bluish-green protoplast; 
cells Sfi diam., 6fx long just before dividing, the pair of daughter cells 
up to Sfi long before separating. 

Growing in warm salt water. Oakland, California. 

SetcLell, in Collins, Holden and Setchell, Phyc. Bor.-Amer. 
(Exsicc.), no. 1351, March, 1907 ; Gardm r, Cyt. studies Cyan., Novem- 
ber 10, 1906, p. 239 (MS. name; no descr.). 
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The species of Synechoooccus are to be distinguished from one 
another by their diameters and by the relation of proportion between 
these and their lengths. The present species is of intermediate diam- 
eter as these range among the species of the genus, and very short in 
proportion. Some of the cells approach spherical and consequently 
resemble Synechocystis, but the majority ai*e at least somewhat longer 
than broad even in stages just succeeding division. 


3. Merismopedia Meyen 

Cells spherical, or narrow ellipsoidal, with thin cell walls, and firm, 
hyaline, structureless teguments becoming diffluent and binding the 
cells together; division regularlj^ in two planes, building up colonies, 
at first square, or regularly rectangular, later often irregular in 
outline through injury or failure of certain cells to continue division. 

Meyen, Wiegman’s Arch. f. Naturgesch., Jahrg. 5, vol. 2, 1839, 
p. 67 (nonien nudum) ; Kuetzing, Phyc. Gen., 1843, p. 163 (descr.). 
Oonidium Ehrenb., Infusionsth., 1838, p. 59 {nomen nudum) ; Merie- 
ghini, Syn. Desm. hue Cog., 1840, p. 213 (descr.). Aymenellum de 
Brebisson, De quelq. nouv. genres d’Alg., 1839 (May), p. 2, Diet, 
univ. d’hist. nat., vol. 1, 1841, p. 187; Trevisan, Prospetto della Flor. 
Eug., 1842. 

The plants which have passed undisputed ly under the name of 
Merismopedia for so many decades form a well defined and recog- 
nizable generic unit. When the history of the name is investigated, 
it is found, unfortunately, to possess no valid status. Merismopedia 
was used by Meyen simply as part of a binomial and with no definite 
diagnosis in 1839, and was probably published comparatively late in 
the year. It seems, therefore, to be a nomen nudum. It was first 
accompanied by a proper diagnosis in Kuetzing ’s Phycologia generalis 
in 1843. In the meantime two other names were suggested, Oonidium 
by Ehrenberg and Agmenellum by de Brebisson. The name Oonidium 
is also to be held as a nomen nudum since it was used by Ehrenberg 
as a subgeneric designation under Oonium. lie remarks (1838, p. 59), 
however, that he would, if he understood the plants better, place both 
Oonium tranquillum and O. glaucum in a new genus Oonidium, but 
he prefers to leave them under Oonium. In 1840 Meneghini took up 
and described Oonidium as a genus, on the ground, as he distinctly 
states, that it antedated the genus Agmenellum of de Brebisson. 
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Agmenellum was published as a genus by de Brebisson in May, 
1839, with complete diagnosis and naming of the type species. A, 
qvxLdrupUcatum Breb. It seems, therefore, that AgmeneUum is the 
first valid publication and ought to be adopted, but following the 
principle enunciated by the various International Congresses that 
names of undisputed use for a long series of years may be conserved, 
we have retained Merismopedia until proper action may be taken. 


Merismopedia Oardneri (Collins) Setchell 
Plate 8, fig. 7 

Plants up to 3 cm. or more long, delicate, membranaceous, very 
irregular in form, more or less lacerated and folded, 7-8ft thick ; cells 
closely placed, cylindrical, 6-6.5/x long, 3.5-4/1 in diam. ; protoplast 
bluish green, homogeneous. 

Floating in pools of salt water, salt marshes of Alameda, Cali- 
fornia. 

Setchell, in Gardner, (^t. studies Cyan., 1906, p. 239 {nomen 
nudnm), Prasiola Gardnari Collins, in Collins, Holden and Setchell, 
Phyc. Bor.-Amer. (Exsicc.), no. 1185 (1904), Green Alg. N.A., 1909, 
p. 221 (in note). 

Merismopedia Gardneri has been collected only once in pools of 
salt water on a marsh in Alameda, California, but it was plentiful at 
that time. Since then the type locality has been filled in with earth. 
It showed a remarkable resemblance to species of Prasiola, but was 
decidedly of a more bluish tint, which is even more pronounced in 
dried specimens. The cytological structure agrees well with that of 
other Myxophyceae and lacks the characteristics of the cells of 
Prasiola, It is gigantic for a Merismopedia, surpassing even the 
Merismopedia convoluta Breb., hitherto known as the largest member 
of the genus. 


4. Ghroococcus Naeg. 

Cells single or united into small colonies of 2, 4, or 8 cells, spherical, 
or more or less flattened when in colonies ; contents blue-green, violet 
or yellowish; tegument comparatively thin although distinct, firm, 
uniform or nearly so, not gelatinous, that of the original cell enclosing 
the entire small colony; division in three planes. 

Naegeli, Gatt. einz. Alg., 1849, p. 45. 
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The genus Chroococcns, as established by Naegeli in 1849, was dis- 
tinctly set off and used in j)ractically the exact sense of the present 
tinie. Tlie type of the genus, as designated by Naegeli, is the Pleuro- 
cocciis rufescens Breb. ])iiblished as a manuscript name by Kuetzing 
(1846, p. 9) uiid(*r his Protococens rufescens. Some difference of 
opinion seeiiLS to exist as to the present status of this type, liaben- 
horst (1868, p. 28) usc^s the name of de Brebisson in his account of the 
“(.-hlorophyllophyceae” and West (1916, p. 9J5) restores the genus 
Protococcus and reckons P, rufescens (Breb.) Kuetz. among the 
Chlorophyceae. An (‘xamination of th(‘ type specimen iji Herb. 
Kuetzing, for which privilege we are indebted to Dr. Weber-van Bosse, 
demonstrates clearly that the plant of de Brebisson is a Chroococcus in 
the sense of Naegeli. Naegeli, however, evidently derived his concep- 
tion of the genus from Chroococcus rufescens var. iuricensis Naeg., as 
described and figured by him (1849, p. 46, jd. 1, fig. 1). All of the 
stag(*s figured by Naegeli are to be found in the typ(^ material, so that 
it seems likely that no considerable difference’s are to be found betweem 
the species and its variety. From Naegeli ’s figures and from the 
specie’s other than the type referred to Chroococcus by Naegeli, there 
can be no doubt as to his conception of the genus. 

The genus Chroococcus is compared by Naegeli (1849, j). *53) with 
Gloeocapsa Kuetz. and Aphanocapsa Naeg., who states that while they 
an' clos(*ly related to one another, tlu’v are distinctly s(‘t off from the 
other genera whose descriptions follow in Naegeli ’s monograph. The 
whoh' difference, as Naegeli says, lies in the fact that in Chroococcus 
the teguments are thin, in (jlloeocapsa ih’utk and firm, while in ^iphano- 
capsa they are thick but so soft that they coalesce into a structureless 
jelly. All other characteristics are secondary, and there occur forms 
which might with eciual reason be referred to one or another of the 
three genera. It may seem best, at some time, to unite Chroococcus 
with Gloeocapsa, but, for the present, we shall follow the custom and 
retain both as distinct gc'nera. 

Chroococcus turgidus (Kuetz.) Naeg. 

Cells spherical or ellipsoidal when single, or angular from mutual 
compression when in colonies, 1-4, rarely 8, in colonies, 13-25/a, rarely 
40/a diam., tegument comparatively thick, often somewhat lamellate, 
hyaline, cell wall thin, not distinct; protoplast vivid blue-green, 
homogeneous, or becoming faded more or less, and granular. 
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Growin}? in in sli and in braokish vvati*r alonj? lii^h-tide lino, Alaska 
to central C'alifornia. 

Naej 2 :eli, Gait, eiiiz. Alj*;., 1849, p. 46; Setehell and Gardner, Aljr. 
N.W. Ainer., 1908, p. 179. Proiococcns turyiihi.s Kuetziji", Tab. Phye., 
vol. 1, 1846, p. 5, pi. 6, fif?. 1. 

The ty[)e of the sfiecies is to be found in Herb. Kiictzinp: and sliows 
tin* ydant to bi‘ minj^led with frap:ments of a moss and eons(‘(pn*ntly 
as oecnrrinj): in fi*esh water. Tlie type locality is not f^iven with 
definiteness but is stated in the t^pecirs nlyarvni (1849^, ]). 198) to be 
Germany. Sinj^le (‘ells of the type are about 8/x in diaiimter, but with 
the te^uiiK'nls are 12-16/4, in dianu*t(‘r. Tlu^ tef^uments show distiiict 
stratification and (‘olonies of ei^ht cells, of total diameter of 40/1., are 
frequent. Altojictlu*!’ the type* specimi'iis corn'spond exactly to 
Kuetzin^'s fij^uns ajid description. 

ChroocorrHs turyi/his is not ])ro])erly a numne specie's but an 
inhabitant of fre'sli water. The forms occurring in the brackish water 
of pools of the salt mai’slu'S and just above^ high wateu* mark an^ larger, 
with variable color of the protoplast. Most, if not all of them, are 
more properly to be* re'ferred to the* following varie*ty. 

Chroococcus turgidus f. submarinus llansg. 

Plate 1, fig. 14 

Single cell s])herical, jn'otoplast 22-26/i, diam., tegument r)-6/x 
thick; two-C(*ll(*d colony 40 45/* diam., 50-60/* long, cells angular; 
extremely variable in e'.olor in the same (collection. 

Growing on Chactomarpha calif ornicn Gollins, in rock pools along 
high-tide* line, at present credited to a single locality, Jjaguna B(*a(ch, 
Orange County, California, but probably extending along the entire 
coast in suitable habitat. 

llansgirg, Becitrage Kennt. Me*.e*r(*salgen, 1S89, p. 6; Collins, Holden 
and Setcht'll, Phyc. Bor. -Ameer. (Exsicc.), no. 1551. 

Although a single locality is quested, it seems probable that the 
forma submarinus really includes all the* specimems found in strictly 
brackish water. 


5. Placoma Scliousb. 

Colonie^s spherical or lobed, solid or hollow, with cedis arranged 
more or less radially, at least toward the surface, and quaternate; 
tegument of colony structureless, special teguments of cells more or 
less stratified as in Oloeocapsa; division in three planes. 
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Schousboe, in Bomet and Thuret, Notes Algol., fasc. 1, 1876, p. 4. 

Placoma is a genus of three known species founded on P. vesiculosa 
Schousb. from “Tingin” on the coast of Morocco. There are now 
three known species, one of which (P. africana Wille) is an inhab- 
itant of fresh water while P. vesiculosa Schousb. and P. violacea S. and 
G. are marine. M. A. Howe (1914, p. 11) has indicated the presence 
of a species on the coast of Peru, but has not assigned to it any definite 
specific name. 

Placortia is closely related to Entophysalis, Oncohyrsa and Chon- 
drocystis. From Entophysalis^ it differs in its more hemispherical 
type of thallus, from Oncohyrsa in its less strictly and regularly radi- 
ating rows of cells, while from Chrondrocystis, it differs in the pos- 
session of Gloeocapsoid teguments enveloping the cells. 


Placoma violacea S. and G. 

Plate 4, fig. 1 

Thallus microscopic, 175-250/a diam., irregular to somewhat 
spherical, verrucose, tegument pale violet ; cells 3.5-4/a diam., in groups 
of 2-8, usually of 4, mostly without order in the interior, but arranged 
radially toward the periphery, angular when young, becomftig spher- 
ical later, special teguments very distinct and violet toward the sur- 
face, hyaline below; protoplast homogeneous, pale blue-green. 

Penning a sort of pulverulent or verrucose black layer, intermixed 
with other Myxophyceac, on logs along high water mark. Cape 
Flattery, Washington. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. Ill, 1918tt, 
p. 456. 

Placoma violacea resembles P. africana Wille (1903, p. 90), a fresh 
water species from South Africa. Besides the difference in habitat, 
P. violacea has larger cells, aggregated into larger colonies, and pos- 
sesses a violet colored tegument. 


6. Anacystis Menegh. 

Cells spherical to oval, with very thin cell walls and blue-green or 
violet protoplast, associated into small spherical or more or less lobed 
and irregular colonies, and embedded within a copious gelatinous 
tegument, within which they are either uniformly distributed or seg- 
regated in small groups ; cell divisions in all planes. 
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Meneghini, Conspect. Alg. Eugan., 1837, p. 6 (in part), cenni 
sulla organogr. e fisiol. delle Alg., 1838, p. 25 (sp. excl.), Monogr. 
Nost. Ital., 1842, p. 92 (emend.) ; Reichenbaeh, Nom. gen. pi. syst., 
1841, p. 18; de Brebisson, Diet. univ. d’hist. nat., vol. 1, 1841, p. 417; 
Bndlichcr, Gen. PL, siippl. Ill, 1843, p. 11; Kuetzing, Tab. Phyc., 
vol. 1, 1846, p. 7 (as subgenns of Microcystis), Sp. Alg., 1849a, p. 209. 
Microcystis Kuetzing, Tab. Phyc., vol. 1, 1846, p. 7 (in part). Poly- 
cystis Kuetzing, Tab. Phyc., vol. 1, 1846, p. 7 (as subgenus of Micro- 
cystis), Sp. Alg., 1849a, p. 210 (in part). 

In selecting the proper generic name for the group of species which 
has been for some years included under the name of Poly cystis 
Kuetzing and more recently still under the name of Microcystis Kuetz- 
ing, it has seemed desirable to scrutinize closely the literature bearing 
on the subject. Mi<^rocystis was proposed by Kuetzing in 1833 to 
include ten species (1833a), now variously referred, but no one of 
which remains in the more recent revisions of the genus. Further- 
more the variety of algae, fungi, and gemmae included under the orig- 
inal Microcystis precludes any preponderance of species of one genus 
or general idea. The first species in the list. Microcystis Noltii Kuetz., 
would now be referred to EugUna as the type specimen clearly 
proves. In 1843 (p. 170), and again in 1845 (p. 148), Kuetzing 
enumerated four species under his Microcystis, M, Noltii still being 
included and placed first. No one of the four is unmistakably a 
Microcystis in the sense of later authors, M, Noltii and M, olivacea 
being species of Eugleiui, M. parasitica being doubtful but probably a 
Microcystis of the later usage, while M. icthyohlahe, as used here, is 
largely, at least, what is now called Clathrocystis aeruginosa (cf. also 
Nordstedt, 1911, p. 264). In 1846 in the first volume of the Tahidae 
Phycologicae (p. 7) Kuetzing separated his genus Microcystis into 
three, retaining in Microcystis only M, olivacea, M, austriaca and M, 
Noltii. These are all, seemingly at least, species of Euglena. In 1849, 
in his Species Algarum (pp. 208, 209) Kuetzing retained the same 
species, adding to them M. minor, a very similar species. It seems, 
therefore, that the final conception of Kuetzing points toward Eugle'na 
rather than toward the species included by later writers. Most 
writers, however, have employed Kuetzing ^s genus Poly cystis founded 
in 1846. This is the second of the two segregates from Microcystis 
and is fairly definite in its content. Kuetzing assigns it three species, 
viz., P. elabenSf P. aeruginosa and P. icthyohlahe. P. aeruginosa is 
now separated as Clathrocystis aeruginosa, but the other two species 
certainly seem cogeneric. 



14 University of California Puhlioatians in Botany [Vol. 8 

Polycystis might properly be chosen for the generic nam(^ were 
it not for the earlier Anacystis of Meiieghini. Anacystis was first 
published in 1837 (p. 6) to include A. marginata and A, hotry aides. 
It was again published by Mencghini in 1838 (p. 25) but without 
mentioning A, nmrginata or any of the sj)e(;ies related to it. Finally 
in 1842 (p. 92) Meiieghini emended the genus on the type of A. 
marginata. 

Anacystis was recognized by Keichenbach in 1841 (p. 18) and 
by dc Brebisson (1841, p. 417) in the same year. It was also included 
by Endlicher among the genera of algae in 1843. In 1846 (p. 7), 
Kuetzing designated it as the first of his segregates from Microcystis 
to include his M. marginata and M. parasitica and in 1849 (cf. 1849a, 
p. 209) he used it with nearly the same content, adding only a doubt- 
ful species. 

Our conclusions arc that Microcystis as finally revised by Kuetzing 
is practically synonymous with Englemi and that Anacystis and Poly- 
cyst is are to be applied to the same group of species. Of these 
Anacystis clearly has the priority of publication. 

Anacystis elabens nireb.) S. and G. 

Plate 4, fig. 6 

Cells oblong-ellipsoidal, 3.5-4/a by 5-6//., closely packed together in 
more or less globose or globose-idliptical colonies 60 - 80 /a broad, aggre- 
gated into botryoidal masses of fair size (up to 500 /a), pale bluish or 
verdigris greeji. 

Among filamentous algae. Pacific Beach, near San Diego, Cali- 
fornia. Mrs. M. S. Snyder. 

Sctchell and Gardner, in Gardner, New Pac. Coast Mar. Alg. Ill, 
1918a, p. 455, pi. 38, figs. 6, 7; Collins, Holden and Sctchell, Phyc. 
Bor.-Ainer. (Exsicc.), no. 2251. Micraloa elabens de Brebisson, in 
Mencghini, Monogr. Nostoch. Ital,, 1842, p. 104. Microcystis elabens 
Kuetzing, Tab. Phyc., vol. 1, 1846, p. 6, pi. 8. Polycystis elabens 
Kuetzing, Sp. Alg., 1849«, p. 210; Parlow, N. E. Algae, 1881, p. 28. 

This is a true Anacystis of the Polycystis or botryoidal type. It 
has been compared with the type specimen of Kuetzing ’s Polycystis 
elabens and found to agree very closely although the cells average 
very slightly larger (0.5-1.0/a in each diameter). They are decidedly 
smaller than those of the type specimen of Polycystis pallida (Kuetz.) 
Parlow. There are dilferences in cell dimensions as well as those of 
the colony to separate A. elabens from both Microcystis litorea Hansg. 
and Anacystis Reinboldii Richter. 
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7. Chlorogloea Wille 

Cells spherical or oval, with firm, stnictiir(*less, gelatinous tegu- 
ment; by division in three planes building up irregular colonies of 
indefinite size, with cells arranged in more or h‘ss distinct vertical or 
radial rows; reproduction by cell division; new colonies produced by 
disintegration and si'paration of the cells of the old colonies. 

Wille, Algol. Not. I-Vl, 1900, p. 5. 

The genus Chlorogloea was founded by Wille to include two 
plants which he consider(‘d as most probably identical. The one is 
Pal)}iella{f) tuberculosa Ilansgirg (1892, p. 240), an epiphyte on 
various filamentous marine algae in the neighborhood of Ragusa in 
Dalmatia in the upper portion of the Adriatic Sea. The otluT, and 
the plant studied by Wille, was found at Mandel and at Drbbak on 
the south coast of Norway. Tlu^se sp(‘cim(*ns were found on Lantinarla 
digilala, Rhodochorion Rothii and even on the exoskeletons of Bryozoa. 
The Norway specimens were considered by Wilh^ as spi'cifically and 
generically identical with those of Ilansgirg. Wille ’s description was 
drawn chiefly from the plants on Rhodochorton found at Drbbak. The 
position of the genus seems clearly to be with the Chroococcaceae, since 
no gonidangia with gonidia have been detected. 

The genus Chlorogloea consists, at present, of four described 
species, C, tuberculosa (llansg.) Wille (type), from the northern 
Adriatic Sea, south Norway, and Peru, C. endophgtmi M. A. Ilowe 
from Peru, and the two species described recently from the Pacific 
Coast of North America. Chlorogloea resembles Oncobgrsa, but is 
characterized by very much smaller cells without distinct special tegu- 
ments and forming less distinctly spherical or lobed colonies. It also 
approaches some species seemingly more properly referred to llgella, 
from which it differs vegetativcHy in not having its cells arranged in 
definite filaments of two sorts as is the case in Hgella. Chlorogloea 
also differs, so far as known, in not producing gonidangia and gonidia 
as is the case in IlyelUi, In the absence of gonidia it is difficult in 
some cases, at least, to determine with satisfaction to which genus a 
certain plant may best be referred. The experience of Howe and of 
Gardner points towards the existence of a number of these obscure 
epiphytes and endophytes on red algae, bryozoa, etc., which need 
careful search and study before they can be added to the flora and 
the complexity of th(nr relationships unravelled. 

Wille (loc, cit.) has stated that cell division takes place only in 
one plane. This does not seem to be the case in the species studied by 
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us, nor does it seem possible that the colonies described by Wille could 
have been built up by such restricted direction of cell division. Howe 
(1914, p. 14), who has made the most careful study of the species of 
this genus, says of his C. epiphytical, ‘‘cell divisions apparently occur 
in various planes. 

Key to the Species 

1. Colonics strictly superficial 2 

1. Colonies penetrating into substratum 3. C. Intea (p 18) 

2. Cells 1 — 1.5/a X 2/a, arranged in vertical rows 1. C. tabareulosa (p 16) 

2. Cells 0.8/a X 1.2/a, cells not in vertical rows, except possibly in very early 
stages 2. C. conferta (p 17) 

1. Chlorogloea tuberculosa (Ilansg.) Willc? 

Cells in young colonies arranged in rows from the substratum out- 
ward, 2 /a long, 1-1,5/x diam., yellowish green. 

Epiphytic on Cladophora, Bairds Point, Straits of Juan de Fuca, 
British Columbia. 

Wille, Algolog. Not. I-VI, 1900, pp. 2-5, pi. 1, figs. 1-6; Setchell 
and Gardner, Alg. N.W. Amer., 1903, p. 182. Pringsheimia scutata 
f. cladophorae Tilden, Amer. Alg. (Exsicc.), no. 382 (in parti). 
Palmella ? tuberculosa Hansg., Neue Beitr. zur Kenntniss der Meeres- 
algen, 1892, p. 240, pi. 6, fig. 9. 

It is extremely doubtful whether Chlorogloea tuberculosa should 
be retained as a member of the algal flora of the Pacific coast of North 
America. In an earlier paper (cf. Setchell and Gardner, 1903, p. 182) 
we referred here with some doubt a plant distributed under the name 
of Pringsheimia scutata f. cladophorae^^ by Tilden (Amer. Alg., 
no. 382). It was our impression at that time that there was to be 
found in the specimen examined a small celled plant occurring in 
tubercular masses, in which the cells were arranged in more or less 
distinct vertical rows. We also noticed certain large rounded cells 
which we suggested might be young gonidangia. More recently M. A. 
Howe (1914, p. 12) has studied another of the Tilden specimens and 
has failed to find any trace of a Chlorogloea present but a unistratose 
layer of smaller cells intermingled with larger cells. Howe suggests 
that the Tilden name “was intended to apply to some species of 
Dermocarpa.*^ We, also, have made further studies of the Tilden 
plant and have found several seemingly distinct things, not all of 
them identifiable. The principal plant is what we have named and 
described as Xenococcus Cladophorae (cf. Gardner, 1918a, p. 461, 
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pi. 38, fig. 8, and also below), and we believe this to have been the 
plant of Tildcn. Further search has, however, failed to reveal a true 
Chlorogloea, although the impression still prevails with us that one 
may be present. 

2. Chlorogloea conferta (Kuetz.) S. and G. 

Plate 2, fig. 6 

Colonies forming tubercular masses of indefinite shape and size; 
cells angular, 0.8-1.2/i, diam., slightly longer than the diameter, • 
embedded in a dense, copious, gelatinous matrix of light yellow color, 
arranged in no definite manne^r; contents very pale blue-green with 
hyaline center; reproduction vegetative; cell divisions in all directions. 

Growing on UhodocKorton Uothii in company with Dermocarpa 
hemUpherim and Dermocarpa suffnlta along high-tide level in shaded 
places. Moss Beach, San Mateo County, California. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. 11, 1918, 
p. 432, pi. 36, fig. 6. I^almella conferta Kuetzing, Phyc. Gen., 1845, 
p. 149, Tab. Phyc., 1846-49, p. 12, pi. 16, fig. 4. Fleurocapsa conferta 
(Kiu'tz.) Setchell, Alg. novae T, 1912, p. 229. 

Chlorogloea conferta has been the subject of discussion among 
algologists for some time and differences of opinion that have been 
expressed arc probably due to different interpretations as to what 
plant Kuetzing had in mind when he described Palmella conferta, the 
descriptions being brief and the type material being a mixture of small 
plants. We have b(Hm enabled to examine a small portion of his type 
material growing on CalUthamnwn Kothii^* through the courtesy of 
Dr. Weber-van Bossc, We find two species of Myxophyccac very 
intimately associat(‘d on the host plant. One consists of masses of very 
small cells embedded in a firm gelatinous matrix, varying much in 
shape and size, of a pale yellowish green color, wholly or only in part 
surrounding the filaments of the host plant. The other consists of 
cells, distributed either in small groups or singly, from 5-15/4 in 
diameter, of bright blue-green color, and very frequently surrounded 
entirely by the preceding. Doubtless it was one of these which Kuetz- 
ing took as the type of his P, conferta, and it remains to decide which 
one. Careful measurements of the specimens at hand compared with 
the measurements given by Kuetzing, “1/700"' gross,” leads to the 
conclusion that his measurements refer to the gelatinous, smaller-celled 
form, whose cells we find to measure about 1/* in diameter, instead of 
the larger, more conspicuous form. This form seems to be very close 



18 


University of California Publications in Botaivy ^ 


to, if not identical with, the plant commonly associated with the same 
host plant on both the Atlantic and the Pacific coasts of the United 
States. It is also usually accompanied by other species of Myxo- 
phyceae. 

The genus Palmella, as now restricted, includes only forms of 
Chlorophycoae, hence it was necessary to reject that generic name 
and adopt another for this widely distributed plant which seems to 
be on the border between the Bacteria and the Myxophyceae. Setchell 
(1912, p. 229), with special reference to the larger cells, has referred 
the plant of Kuetzing to Pleurocapsa, but the smaller-celled plant is 
not properly to be referred to that genus. Wille has created the genus 
Chlorogloea to receive a plant very similar to ours, and known as 
Palmella f tuberculosa Hansgirg (1892, p. 240) and this generic name, 
Chlorogloea^ is consequently adopted. 

Chlorogloea conferta differs from C. tuberculosa in the size of the 
cells, in their arrangement, and in the number of planes of cell divi- 
sions, C. tuberculosa dividing in but one plane according to Wille, 
although it is difficult to understand just how the colony arises if this 
be true. The other species of Myxophyceae found on the material of 
Kuetzing ^s type seems to be a species of Pleurocapsa, though being 
immature it is not safe to attempt to place it. Possibly this is the 
plant which has been considered to be a form of P. amethyslea Roson- 
vingc (1893, p. 967). 

2. Chlorogloea lutea S. and G. 

Plate 2, fig. 1 

Colonies extremely variable in shape and size, spreading over the 
surface of the host by cell divisions in two planes, divisions in the 
third horizontal plane forming a cushion of cells up to 100/a thick, 
the cells at first being arranged more or less in vertical rows, but the 
radial arrangement being soon destroyed by divisions in other planes, 
the outer portion of the colony having cells arranged in no definite 
order ; by horizontal divisions certain cells from the lower side of the 
colony penetrate into the host, forming crooked, branched filamemts 
increasing in length by apical growth ; cells of these filaments soon 
begin to divide in other planes than horizontal, producing masses of 
cells, encroaching on one another, and finally coalescing into a solid 
mass in the central portion of the colony ; cells 0.9~1.5/a diam., angular, 
nearly quadrate; terminal cells penetrating the host, up to 4/a long; 



1919] 


Setchell-Gardner: Myxophycme 


19 


cell walls hyaline ; cell contents pale yellowish green, homogeneous. 

Growing on the stipitate portion of Iridaea mimr J. Ag. in the 
lower littoral belt. Carmel Bay, Monterey County, California. May, 
1916. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. 11, 1918, 
p. 434, pi. 36, fig. 1. 

Just where to align a plant like Chlorogloea lutea is a problem 
more or less perplexing. It starts to develop on the surface of the 
host plant, and if the cuticle of the host is sound in that particular 
place, it developes a dense mass of cells of considerable dimensions 
before penetrating into the interior. The plant at first spreads out 
over th(i host by cell divisions in two or more plancvs. It is impossible 
to state the size of a single plant or colony, for in some places on the 
host it is eontifiuous for several millimeters. This may, however, be 
due to tlie coalescence of several colonics. Later cell divisions in the 
horizontal plane increase the mass in thickness, up to lOO/x or more. 
At first the cells arc arranged in vertical rows, but soon this arrange- 
numt is destroyed by false branching or by divisions in other planes. 
The cells are mostly quadrate in this mass, being somewhat spherical 
in its outer portion. Sooner or later at various points from ihi) under- 
side of the horizontal layer certain cells are able to penetrate through 
the cuticle and make their way among the cortical filaments of the 
host. These penetrating filaments branch. The terminal cells become 
two or more times as long as the other cells. Growth in length of these 
filaments is apical. Enlarg(‘ment of the cells back of the growing 
points, and divisions in other plan<\s soon produce groups of cells 
which, encroaching on one another, form a solid mass, the cortical 
cells of the host at times comydctely disappearing from the area which 
they occupy. Plants pemetrate to a depth of 200/ji. 

Chlorogloea lutea very closely resembles in some ways, particularly 
in its method of development within the host, Ilyella socuilis found 
growing with it, and also described below. The method of behavior 
of both within thr* host is the same. We have not, however, seen 
H, sociulis extending beyond the surface of the host as C. lutea does. 
H, socialis thus appears to be wholly endophytic, although, on account 
of the absence of gonidia, we consider the plants in this collection to 
be immature, and we are unable to say positively what might have 
developed later. 

The habitat and method of development of Ilyella socialis are 
so similar to those of Hyella endophytica Bbrgesen (1902, p. 525), 
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which forms gonidaiigia near the surface of the host, that, noth with- 
standing the absence of gonidaiigia, there can be but little doubt 
that it belongs to the genus Hyclla, On the other hand, the genus 
Chlorogloea never has gonidangia, and the species lutexi is so assigned 
because of the absence of gonidangia and because of its resemblance 
to C. tuberculosa Wille in the size, color, shape, and early arrange- 
ment of the cells in a colony. But that species is wholly epiphytic, 
and does not have radiating, branching filaments. Furthermore, Wille 
states that cell division is in one plane, “nach einer Kichtung des 
Raumes” (1900, p. 4, pi. 1, figs. 4-6). This method in the increase 
of the number of cells of the plant, or colony as it may be called, 
certainly is different from that of Chlorogloea lutea, which has cell 

division in at least three planes. 

* • 

Ilowe (1914, p. 13) has described a plant which is very similar to 

Chlorogloea lutm. He placed it in the genus Chlorogloeoy and since 
it was wholly within the frond of the host, he called it C. endophytica, 
stating that it was very close to Chlorogloea tuberculosa (Hansg.) 
Wille, but differs ^^in its endophytic habit, and in its less distinctly 
seriate arrangement of the cells, the softer gelatinous walls soon allow- 
ing the cells to become inordinate.^’ He stated further that ‘‘cell 
divisions apparently occur in various planes.” Chlorogloea lutea 
differs from Chlorogloea endophytica in being only partially endo- 
phytic, in having smaller cells, in building up larger colonies, and 
distinctly having cell divisions in all directions. 

FAMILY 2. CHAMAEISIPHONACEAB borzi 

Thallus unicellular, distinct or associated into non-filamentous 
families, or pluricellular individuals which are either filamentous or 
which are differentiated into a more or less chroococcoid basal pros- 
trate portion and an upright filamentous portion; multiplication by 
transformation of the whole or of a part of the protoplast of a cell, 
gonidangium, into gonidia either by simultaneous or by successive 
divisions in some species, or by both vegetative cell divisions and 
formation of gonidia. 

Borzi, Note alia morfol. e. biolog. delle Alghe ficocr., vol. 14, 1882. 
p. 312 ; West, Algae, vol. 1, 1916, p. 41. 

Borzi founded the family of the Chamaesiphonaceae with the 
special view of including the fresh water species referred by him to 
Chaniaesiphon, Clastidium and Cyanocystis, He mentions Dermo- 
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earpa as a marine genus also to be included. The presence of goni- 
dangia, ‘ ‘ coccogoiiia, ’ ’ whose contents break up into from four to many 
gonidia, ^^eonidia,” is especially mentioned as characteriste. If, how- 
ever, it is to be tak(*n jis established that gonidia also occur in a large 
number of genera both of the Coccogonales and Tlormogonales, tliis dis- 
tinction will prove unsatisfactory. As remarked under Chroococeaeeae, 
some, if not all, of these cases need substantiation and more careful 
study, especially those credited to various Ilorniogonales. It seems 
most likely that they may occur in Gomphmphavrui and this genus has 
been transferred on this account to the Chamacsiphonaceae, since it 
also resembles, in the shape of its cells, Dermomrpd . Gonidia have 
occurred also in plants resembling closely Gloeompsa crcpklinum 
Thuret, but which have been placed below, equally satisfactorily, 
under Plcvrocapsa, Most of the Chamaesiphonaceae are epiphytic 
and many are attached by a more or less difTercmtiated basal portion, 
but these characters, either separately or taken together, seem suf- 
ficient to distinguish this family from the Chroococcaceae. 


1 . 


1 . 


3 . 

3. 


5. 

5. 


Kky to the (Jexkra. 

Cells not in filaments 2 

Cells in filaments 5 

2. Cells solitary or in layers ... 3 

2. Cells in floating globular masses 13. Gomphosphaeria (p. 49) 

Layers more or lcs.s uniform 4 

Layers irregular or complex 10. Pleurocapsa (p. 36) 

4. Cells destitute of vegetative division . . . . 8 . Dermocarpa (p. 21) 

4. Cells dividing in 2 planes 0. Xenococcus (p. 30) 

Gonidangia bjisal at surface of substratum 11. Hyella fp. 40) 

Gonidangia terminal above surface of substratum 12. Radaisia (p. 45) 


8. Dermocarpa Crouan 

Cells most frequently epiphytic, spherical, ovoid, pyriform to 
narrowly cuneate, occasionally existing singly but mostly aggregated 
into dense clusters, often so crowded as to distort their form; proto- 
plast homogeneous or finely granular, with blue-green, brownish or 
violet color ; cell wall comparatively thick, mostly homogeneous, 
hyaline; no multiplication by vegetative cell division; reproduction 
wholly by the formation of gonidia. 

Crouan, Note sur quelqucs algues marines nouvelles, 1858, p. 70. 

Dermocarpa was founded by the brothers Crouan (1858, lot. cit,) 
on D. violacea, a species growing on fragments of crockery at Brest. 
Nothing further seems to have been done in the study of the genus 
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until Reinsch (1874, p. 15) founded his genus Sphaenosiphon as a 
member of the “ Melanophyceae ” and described a number of species, 
some showing gonidial stages {loc. cit. pi. 25, fig. 2c, 2d, 3c). The 
genus was properly placed and illustrated by Bornet and Thuret in 
the Notes algologiqurs (1880, pp. 73-77, pi. 26, figs. 3-9). Since then 
the number of species has been increased to over twenty and there 
are doubtless many more awaiting discovery by careful search and 
study. 

The cells of Dermocarpa vary from spherical, or almost hemi- 
spherical, to obovate and pyriform, or even elongated linear, but the 
genus possesses one seemingly certain distinction in that its cells 
undergo no vegetative division, reproducing only by gonidia. This 
i^ shares only with Cyanocystis Borzi. The difference between the two 
genera is in the manner of the dehiscence of the gonidangia. In 
Cyanocystis the gonidangia are circumscissile, the top separating as a 
lid by a smooth transverse rupture. In some species of Dermocarpa, 
the entire wall or, at least, the greater portion of it, dissolves, releas- 
ing the gonidia, but in other species, the wall ruptures by a slit at the 
apex. Whether these distinctions are sufficient for separating the two 
genera will be left for future study and decision. 

Key to tue Species. 

1. Cells solitary (or at most slightly gregarious) 2 

1. Cells aggregated into dense layers 4 

2. Adult cells (especially gonidangia) hemispherical....!. D. hemisphaerica (p 22) 

2. Adult cells (especially gonidangia) nearly spherical 3 

2. Adult cells (especially gonidangia) ovoid to pyriform ... 4. D. siiflulta (p 26) 

3. Adult cells about 26/a in diain 3. D. sphaeroidea (p 26) 

3. Adult cells 8-16/a in diam 2. D. sphaerica (p 24) 

4. Adult cells (especially gonidangia) narrowly to broadly pyriform 

5. D. fucicola (p 27) 

4. Adult cells (especially gonidangia) spherical to narrowly cuneate 

6. -D. pacifiea (p 27) 

4. Adult cells (especially gonidangia) very variable in shape in same layer 

7. D. protea (p 28) 

1. Dermocarpa hemisphaerica S. uiid G. 

Plate 3, fig. 21 

Cells epiphytic, solitary, hemispherical, attached by the flat plane 
surface, 18-21/i diam. at the base, 10-13ft high ; contents of cell bright 
blue-green, homogeneous; cell wall hyaline, moderately thick, homo- 
geneous, reproduction by successive divisions of the whole protoplast, 
forming spherical gonidia 0.8-1. 2/;i diam. 
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Growing on Rhodochorton Rothii in moist, shaded places along 
high-tide level, or even above. Moss Beach, San Mateo County, Cali- 
fornia. The above locality is the one from which the type material 
has been obtained, but the i)lant has been observed growing on the 
same host at a number of different localities along the California coast. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. II, 1918, 
p. 438, pi. 37, fig. 21 ; Collins, Holden and Setchell, Phyc. Bor.-Amer. 
(Exsicc.), no. 2253. 

Dennocarpa hemisphaerica is a somewhat aberrant plant. The 
individuals are small, mostly solitary, and multiplication is wholly 
by means of gonidia. 1 n size and distribution on the host it resembles 
Xenococciis in the early stages of development of that genus, but 
differs from it in not having increase by means of vegetative cell 
divisions. In its solitary habit and method of reproduction it resem- 
bled CyanocAjsti^, but differs from that genus in its method of escape 
of gonidia. Those of D. he misphnerica escape through a small open- 
ing at the ai)ex of the gonidangia, and thosi^ of Cyanocystis escape by 
means of a circumscussile splitting of the gonidangia. It seems more 
nearly to fulfil the requirements of the genus Dennocarpa, as now 
g(in(^rally underst(K>d than of any other genus of Chamaesiphonaceae. 
It differs, however, from previous conceptions of species of that genus 
in the method of the formation of gonidia. They are formed in this 
species by successive divisions of the contents of the gonidangia, those 
in earlier described sj)ccics being formed by simultaneous division. 
In this respect it is like some species of IHcurocAipsa as well as more 
recently described species of Dermomrpa, 

Dermocarpa hcmisphaerica is commonly associated with Chloro- 
gloca conferUh (Kuetz.) S. and G. and Dermocarpa snjfnlta S. and G. 
The early stages of the development of />. hcmisphaerica and D. suffulta 
are very similar to each other, but they soon differentiate into their 
characteristic shapes, and at maturity are very readily distinguishable. 
Chlorogloea conferta is very frequently also present and in such 
abundance as to completely cover up the other two species, hence 
this condition along with the presence of diatoms and other foreign 
material, has made the separation of these forms somewhat difficult. 
The type material is comparatively free from foreign substances and 
the plants of D, hcmisphaerica and D. saffvXta are both fruiting, are 
abundant, and comparatively free from Chlorogloea, This condition 
has made it possible to trace the life history of each of these three 
species, establishing beyond a doubt that they are not to be considered 
stages in the life history of a single form. 
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Dermocarpa hemisphaerica seems closely related to Pleurocapsa 
amcthystea Rosenvinge (1893, p. 967). This is especially true of 
the early vegetative stage and of the beginning of spore formation 
{loc. cit., p. 968, figs. C, D). Later developments of P, amethystea 
depart from that of D. hemisphaerica (cf. Rosenvinge, loc, cit,, figs. 
B, F, G). 


2. Dermocarpa sphaerica S. and G. 

Plate 5, fig. 14 

Cells solitary or contiguous, spherical, 8-16 /a diam., pale blue- 
green; cell wall thin, hyaline; protoplast finely granular; gonidangia 
spherical, 8-16/a diam. ; gonidia angular at first, becoming spherical at 
maturity, 2.5-3/a diam., formed by simultaneous division of the proto- 
plast, escaping by dissolution of the entire gonidangial wall. 

Growing on various species of algae in the littoral belt, frequently 
in salt marshes. Ranging from Whidbey Island, Washington, to cen- 
tral California. The type material was found growing on a species of 
Lynglya, Lands Bnd, San Francisco, California. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. Ill, 1918u, 
p. 457, pi, 39, fig. 14. Xenococevs Schoiisboei Setchell and Gardner, 
Alg. N.W. Amer., 1903, p. 180; Collins, Holden and Setchell, Phyc. 
Bor.-Amcr. (Exsicc.), no. 554 (not Thuret, in Hornet and Thuret, 
1880, pp. 73-77, pi. 26, figs. 1, 2). 

Dermocarpa sphaerica is the plant which has commonly passed 
for Xenococens Schoushoci on the Pacific Coast of North America. 
Examination of a bit of the type material of Schousboe's Coleonema 
arenlfcra, upon which Thuret found(?d the genus, shows that the 
Pacific Coast plant belongs to a different genus. Xenococevs Schous- 
hooi, as described and figured by Thuret, has increase in the number 
of individuals by means of vegetative cell divisions. This is the con- 
dition in which Schousboc found the type material, the plants being 
young and the gonidial stage having not yet appeared. Our plant 
which has passed under the name of Xenococens Schoushoei, does not 
divide vegetatively, and hence belongs to the group of which Dermo- 
carpa may be taken as a type, in which there is increase only by the 
formation of gonidia, instead of the group of which Pleurocapsa may 
be taken as a type, in which there is increase by both vegetative cell 
divisions and by gonidia. 

Kirchner (1898, p. 58) and Forti (1907, pp. 119, 120) recognize 
five genera of Chamaesiphonaceae which have no vegetative cell divi- 
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sioiis and which reproduce exclusively by {ifoiiidial formation. These 
are Cyanocystis Borzi (1882, p. 314), Dermocarpa Croiian (1858, 
p. 70), Clastidmm Kirchner (1880, p. 195), Chuniarsiphon A. Hr. and 
Grun. (cf. Rabenhorst, 1865, p. 148), and Godlvwskia Jaiicz. (1883, 
p. 227). Kirchner sc^paratcs the first tliree genera from the last two 
because of the simultaneous division of the whole protoplast of the 
gonidangium into gonidia, whereas in the last two genera the gonidia 
are abstricted sTiecessively from the apex of the gonidangium, tlie 
basal portion always remaining sterile. Forti adopts this arrangement 
except the statement as to the simultaneous division of the protoplast. 

It is necessary to modif 3 ' Kirchner ’s statement in regard to the 
simultaneous division of the protoplast in Dermocarpa since we liave 
found in several sp(*cies that the gonidia result from successive divi- 
sions in diiferent planes. This condition is notably true of D. protea 
S. and G. A further <'xeeptioji to the stat(‘ment of Kiivliner must bo 
made in D. Lcihleiniac (Reinsch) B. and Th. and in D. sujjxilta S. and 
G., in that only a i)ortion of the protoplast of the gonidangium is con- 
verted into gonidia, the basal portion in each species uniformly remain- 
ing sterile. There is but little likelihood of confusing Dcry)iocMirpa 
with either Chamacsiphon or Godlcwskia, on account of their c^din- 
drical shape, and mcdhod of formation and liberation of gonidia, or 
even with Claslidhwif wdiich is narrow and cylindrical and possesses 
a seta at the outer end, but in attempting to place a species like Z>. 
sphacrica, or D, spJmcraidca S. and G., the qu(*stion aris(‘s as to which 
genus, DcrmocAirpa or Cyaxweystis, if both of those are to be consid- 
ered valid genera, should receive them. The method of escape of 
gonidia in D, sphaeroidca has not been det(!rmined, but in Z>. sphacrica 
the whole wall of the gonidangium dissolves and the group of gonidia 
is left free in position. The only distinction between Cyaxweystis 
and Dermocarpa, as brought out by both Kirchner and Forti, is that 
of the method of escape of gonidia. In the former they escape by a 
circumscissile rupture and in the latter by a dissulution of the apex 
of the gonidangium. If the method of escape of the gonidia is to be 
taken as sufficient for generic distinction, it will be necessary to create 
another genus for D. sphacrica which does not conform to either of 
the above methods. It seems preferable in this case to refrain from 
extending the number of genera, but to reduce it rather, and since 
Dermocarpa is the older genus to adopt that to receive our snecies, 
and reduce Cyaxiocystis in case further study makes it necessary or 
desirable. 
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3. Dermocarpa sphaeroidea S. and G. 

Plate 2, fig. 7 

Cells spheroidal or slightly obovate, somewhat angular when com- 
pressed, solitary, or mostly grouped together in small clusters, up to 
25/4 diam. ; cell wall hyaline, homogeneous, thin, 1.5/4 thick; cell con- 
tents pale blue-green at maturity, finely granular ; gonidangia 18-25/4 
diam., the whole cell contents dividing into small spherical gonidia. 

Growing on Porphyra perforata forma laneeolata along high-tide 
level. Lands End, San Francisco, California. April, 1917. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. TT, 1918, 
p. 440, pi. 36, fig. 7. 

This species of Demiocarpa probably grows on other hosts than 
that mentioned above in the same locality. Groups of cells resembling 
those of this species have been observed intermixed with Radaisia and 
Pleurocapsa growing on small species of E7iteronwrpha and Ulva, but 
it is difficult to determine the separate members in such a mixture. 
The material found on Porphyra was free from other forms. It seems 
to occupy an intermediate position, as regards its gregarious habit, 
between D, fucicola Saunders and D, suffulta S. and G., the former 
growing in compact colonies and the latter almost singly, 

4. Dermocarpa suffulta S. and G. 

Plate 2, fig. 9 

Cells solitary or loosely associated into small groups, ovoid, pear- 
shaped or sometimes stipitate, 17-20/4 long, 10-14/4 diam. at the larger 
end ; contents bright blue-green ; cell wall hyaline, homogeneous ; goni- 
dangia formed from the upper part of the cell, leaving a cone-shaped, 
sterile, basal portion ; gonidia 8-12 in a gonidangium, 4r-6fi diam. 

Growing on Khodochorton Bothii near high-tide limit in shaded 
places on rock. Moss Beach, San Mateo County, California. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. II, 1918, 
p. 440, pi. 36, fig. 9. 

These plants were found growing in moderate abundance in com- 
pany with Dermocarpa hmrdsphaerica S. and G. and with Chlorogloea 
Gonferta (Kuetz.) S. and G. Of all the known species it seems most 
closely related to Dermocarpa Leibleiniae (Reinsch) B. and Th. It 
differs from that species in being narrower in general, in having fewer 
and larger gonidia, and in having a larger part of the cell changed 
into a gonidangium. Nearly half of D. Leibleiniae remains sterile. 
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It is also closely related to D. solitaria very recently described by 
Collins and Hervey (1917, no. 2155 MS and 1917«, p. 17) from Ber- 
muda. Both species have the same habit of growth on the host, being 
mostly solitary instead of being aggregated into dense clusters as are 
most species of Dermocarpa, D. solitaria, however, is much longer 
than I>. suffulta, being up to 75 /a long. 


5. Dermocarpa fucicola Saunders 

Plate 8, figH. 5, 6 

Cells densely crowded into groups of irregular shape and indefinite 
size, up to 12 mm. across, of very dark olive green to purplish violet 
color, 22-30/a diam., 40-60/1 high at maturity, broadly pyriform to 
balloon-shaped, narrowing into a stipe-like portion below; gonidia 
formed by the simultaneous division of the whole protoplast, 4-5/a 
diam. 

Growing on many different species of algae. Common along the 
whole coast from Puget Sound, Washington, to southern California. 

Saunders MS., in Collins, Holden and Sctchell, Phyc. Bor.-Amer. 
(Bxsicc.), no. 801, Alg. llarriman Exped., 1901, p. 397, j)l. 46, figs. 
4-5; Setchell and Gardner, Alg. N.W. Arner., 1903, p. 181; Collins, 
Holden and Setchell, Phj^e. Bor.-Amer. (Exsicc.), no. 1251. 

The above description is based upon authentic material taken 
from our fascicles of Phyeotheea Boreali-Atnericava, specimens dis- 
tributed by Saunders under no. 801. It is presumably from material 
of this distribution that Saunders drew his original description of the 
species. These specimens are just coming into maturity, as shown 
from the scarcity of the gonidangia. The measurements are based 
upon the mature cells, that is the gonidangia, very few of which 
measure 40/a long, the majority being between 50/a and 60/a long. We 
express some doubt as to whether the gonidia are formed by simul- 
taneous or by successive divisions of the protoplast. No indications 
of successive divisions were seen, all of the gonidia noticed being 
completely formed. 

6. Dermocarpa pacifica S. and G. 

Plate 3, figs. 22-24 

Cells aggregated into colonies up to 200/a diam., varying in shape 
from nearly spherical, broadly ovate ur pear-shaped, to narrowly 
wedge-shaped, 30-45/a long, 20-35/a diam.; cell walls thick, hyaline, 
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homogeneous; cell contents bright blue-green or olive green when 
young, changing to brownish when old; gonidia numerous, 2/i diam. 

Growing on Chactomorpha aerea in a tide pool near high-tide 
limit. Cypress Point, Monterey County, California. January, 1937. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. II, 1918, 
p. 439, pi. 37, figs. 22-24. 

The plants of this species were found associated with Xenococcus 
Chaetomorphae and the two species were so abundant as to give the 
host plant a very dark color. The shapes of the cells of 7). pacifica are 
determined, to a certain extent, by their position on the host and by 
their age. The younger cells of C. aerea arc cylindrical, but they 
become (jiiite torulose at maturity. This change in the shape of the 
host cells modifies the form of certain cells of the epiphyte. If the 
gonidia of the Darmocarpa happen to locate at the cross walls whim 
the host cells are youngs increase in the size of the cells of both the 
host and the epiphyte causes the cells of the epiphyte to become much 
crowded and thus assume a narrow wedge shape. As the cells of the 
host i)lant mature and begin to disintegrate the younger Dernwearpa 
cells that have had more room in which to expand are liberated 
and become broadly oval or even spherical. The cell contents become 
much darker and brownish at maturity, and when mounted in glycer- 
ine and acetic acid change to purple. The contents of the whole cell 
change into gonidia by simultaneous division. 


7. Dermocarpa protea S. and G. 

Plate 4, figs. 4, 5 

Cells extremely variable in shape and size, broadly pyriform to 
narrowly cuneate, 40-120/x long, 6-40/4 diam. at the apex, 3-7/4 at the 
base; cell wall hyaline, 2-3/4 thick; protoplast homogeneous, light 
blue-green; gonidia 3-3.5/4 diam. formed by successive divisions of 
the protoplast. 

Growing on Spongmnorpha sp. West coast of Whidbey Island, 
Washington. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. Ill, 
1918a, p. 456, pi. 38, figs. 4, 5. 

A single specimen of this species of 8po)igomorpha with the above 
epiphyte growing upon it has thus far been collected. The terminal 
portions of the host were so thickly clothed with the epiphyte as to 
give them a very decidedly dark appearance. Microscopic examin- 
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ation showed that the colonies were unusually variable in shape and in 
size, some capping the filaments, others completely surrounding and 
obscuring them for some distance, and still others small and widely 
separated. Material scraped from the filaments and * magnified 
revealed a surprising variation in the sha))e and size of the vegetative 
cells, as well as of the gonidangia. Among tin* collection one could 
select cells in both vegetative and reproductive conditions which would 
conform to the description, in shape and in size, of each of several 
well known species; but since there is such perfect gradation in 
lengths and in widths, both in purely vegetative cells and in the 
gonidangia, ranging in size of mature cells from 6 /a to 40/* wide in 
the upper parts, and from 40/* to 120/* long, it is impossible to segre- 
gate them into species. Considered as a species D. protea represents 
the -argest known species of Dernwearpa, and has the greatest range 
of variation in size and in shape of the cells. Plate 4, figs. 4, 5 
represents some of tli(*sc found among the gonidangia. 

Dermocarpa protca is an excellent example of the formation of 
gonidia by successive and progressive divisions of the gonidangia to 
form gonidia. This method is represented in the gonidangia irre- 
spective of shapes and sizes, and is another evidence in support of 
their all belonging to a single species. 

Kirchner (1898, p. 58) in his key to the genera places DvrmocAirpa 
in the group which produces the gonidia by simultaneous division of 
the protoplast. In Cytological Studh^s in Cyanophyc(*ae (1906, p. 281) 
Gardner expressed the opinion that Dermocarpa fucicola Saunders 
produces gonidia in this manner. We have since examined authentie 
material of that sj)ccies and, although the gonidangia arc very sparse, 
it appears to form them by simultaneous division ; but having exam- 
ined other collections from our coast which seem to be of the same 
species, judging from the shape and size of the e(*lls, which clearly show 
that the formation of gonidia is by successive divisions of the proto- 
plast, some doubt may still be entertained as to which method D, fuci- 
cola follows. This subject must have more careful study and may 
prove to be a more stable character than shapes and sizes of cells 
upon which to establish species. 

Dermocarpa prasima (Reinsch) B. and Th. has been credited to our 
coast by Saunders (1898, p. 397) as occurring on ** Sphacelaria race- 
mosaarctica** and Sphacelaria cirrhosa'* and extending from Puget 
Sound to the Shumagin Islands in Alask... It seems to us unlikely 
that this species should be represented in these waters, but we have 
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no specimens of Sphacelaria from them, nor have we seen any speci- 
mens of Saunders. The Dermocarpa prasina of Setchell (1899, p. 54) 
is indefinite and undoubtedly mostly what was later named D, fucicola 
by Saunders. 


9. Xenococcus Thur. 

Cells spherical or more or less angular due to mutual pressure 
when closely aggregated, scattered or collected into a continuous 
stratum, usually epiphytic; cell contents pale blue-green or dark 
violet, homogeneous ; reproduction by cell division in two planes, and 
by formation of gonidia. 

Thuret, Essai Class. Nost., 1875, p. 373 (nomen nudum), in Born, 
and Thur., Notes Algol., vol. 2, 1880, pp. 73-75 (description of type) ; 
Hansgirg, Physiol, u. Algol. Studien, 1887, p. Ill (lim. iniit.), Prodr. 
Algenfl. Bohm. II, 1892a, p. 128. 

The genus Xenococcus was founded by Thuret in 1880 (Notes 
Algol., vol. 2, pp. 74, 75) upon X. Schoushoei Thuret as the type 
species, but no distinct and definite generic diagnosis was given. 
Thuret had already mentioned the genus in 1875 (Essai Class. Nost., 
p. 373), but neither described it nor mentioned a type species. Hans- 
girg (1887, p. Ill) discussed Xenococcus and its limits, but set the 
limits beyond those instituted by Thuret and repeated these later in 
what is probably the first formal diagnosis of the genus (1892a, p. 128). 
Bornet (in 1889 and 1892) reduced Xenococcus under Derntocarpa 
Crouan, but Kirchner (1898, p. 58) restored it to generic rank. The 
species of Xenococcus, as was understood by Thuret, differed from 
those of Dermocarpa particularly in their lack of gonidangia. When 
Batters discovered gonidangia and gonidia in Xenococcus Schoushoei, 
it seemed necessary to reduce the species under Dermocarpa, and this 
was suggested by Bornet. Kirchner, however, brings forward the fact 
that Xenococcus Schoushoei differs from the species of Dermocarpa 
in that the cells divide vegetatively, and consequently restores Xe'no- 
coccus to independent rank. Achilla Forti (1907, p. 133) states that 
the vegetative division is in three directions, but Thuret {in Bornet 
and Thuret, 1880, p. 75) emphatically says that they divide perpen- 
dicularly to the surface of the substratum and in this direction only. 
An examination of a portion of the type material indicates cell divi- 
sion in two directions, perpendicular to one another and to the surface 
of the substratum. 
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Key to the Species. 

1. Cell wall thin, inconspicuous 2 

1. Cell wall thicker, conspicuous 3 


2. In extended colonies of 1 -several layers 1. X. acervatus (p 31) 

2. Solitary or in small colonies of 1 layer 2. X. Oilkeyae (p 32) 

3. Cells more or less elongated in horizontal diameter, polymorphic 

5. X. Chaetomorphae (p 35) 

3. Cells not elongated in horizontal diameter 4 

4. Cells forming continuous layers, cell walls often diffluent, gonidia 1.5-2ja in 

diam 3. X. Cladophorae (p 33) 

4. Cells in small colonies, cell walls dense, not diffluent, gonidia 2.8-3.5/x in 
diam 4. X. pyriformis (p 34) 

]. Xenococcus acervatus S. and G. 

Plate 5, fig. 13 

C.dls wholly epiphytic, dividing in two pianos porpendiciilar to 
the host, building (ioloiiios at first one cell deep, later confusedly 
heaped up, of indefinite extent ; cells angular at first, soon becoming 
spherical or pear-shaped, 3-6/jt diam., cell wall thin, hyaline; proto- 
plast homogeneous, pale blue-green; gonidangia unknown. 

Growing in great profusion on Enieromorplia sp. in salt marsh 
pools. San Francisco Ba}", California. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. Ill, 1918fz, 
p. 459, pi. 39, fig. 13. Pleurompsa amethystm var. Schmidtli Collins, 
in Collins, Holden and Setchell, Phyc. Bor.-Amer. (Exsicc.), no. 1704. 

The first publication of the name P. anwthystra var. was by Bor- 
gesen (Mar. Alg. Fiier., 1902, p. 524), Johannus Schmidt having 
identified one of BbrgeseiPs species from th(» Fiienies as belonging 
there. Borgeseii stated that Schmidt would comment on the species 
later in Ilelgi Jonsson’s paper. Jonsson’s paper app(‘ared in 1903 
but Schmidt mentions only a plant from Iceland under the above* 
name amethystm var.”). Collins {loc. cit.) considers our plant 
to be of the same variety as the Iceland plant and gives it a varietal 
name without further comment. 

In the absence of gonidangia it is not at present possible to give a 
complete comparison of our plant with the description of the Green- 
land plant, P. amethyst ea, of Rosenvinge (1893, p. 968), nor with the 
variety of that species growing in Iceland, determined by Schmidt 
{in Jonsson, 1903, p. 378). There are no specimens of either of these 
available at present for comparison. Rosen vinge’s figures and descrip- 
tion of P. amethystea show plainly that the C3lls divide in three planes, 
which places it with the genus Pleurocapsa, Schmidt states that the 
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Iceland plant differs from the Greenland plant only in color, but for- 
bears naming it on that character alone. The Iceland plant seems, 
therefore, certainly to be a Pleurocapsa. Our plant divides vegeta- 
tively in but two planes, and, accepting Thuret^s understanding of his 
genus Xcnococcus, it belongs to that genus rather than to Pleurocapsa. 
A brief discussion of the structure and relation of these two genera 
is given in Gardner’s New Pacific Coast Marine Algae II, 1918, p. 436. 

Xcnococcus acervatus differs from P. amethystea in the number of 
planes of vegetative cell divisions, in the shape and size of the cells 
and in their color, the color of the latter being ^‘sordide violacea,” 
and the former pale blue-green. None of the seven illustrations of 
Rosenvinge (loc, cit.) resembles very clearly any phases of the develop- 
ment of our plant except A, the surface view of a group of vegetative 
cells. 

At times the cells as viewed in the median plane of the host plant 
are piled up several cells deep, as though th(\y had arisen by horizontal 
divisions. If this were the case, our plant would properly belong to 
the genus PUmracapsa. This does not seem to be the case, however, 
as the cells above the surface layer are very generally spherical, appar- 
ently independent, and very variable in size. They appear rather 
to be gonidia in various stages of development, that have come to rest 
on the surface layer, or in some cases, seem to have grown in position 
where they were formed. The cell walls are decidedly gelatinous, 
which is conducive to holding the colonies together. 


2. Xenococcus Gilkeyae S. and G. 

Plate 5, fig. 11 

‘ Cells solitary or aggregated into small colonies, spherical when 
solitary, angular and more or less elongated in colonies, 4-7 jw., rarely 
9/4. diam. ; cell wall inconspicuous, hyaline ; protoplast light blue-green ; 
gonidangia of the same shape and size as the cells; gonidia 0.8-1/x 
diam., formed by successive divisions of the protoplast. 

Growing on the filaments of Elachistea sp. which is epiphytic on 
Fucus sp. Lower littoral belt. Sitka, Alaska. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. Ill, 1918a, 
p. 462, pi. 39, fig. 11. 

Having vegetative cell divisions in but two planes perpendicular 
to the substratum, Xenococcus Gilkeyae is a typical member of the 
genua. It is an exceedingly delicate species but the type material 
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being in excellent vegetative and reproductive conditions is clearly 
definable. The gonidia appear to be the results of two lines of devel- 
opment of the vegetative cells. Some gonidia seem not to divide 
vegetatively after coming to rest, but continue to increase in size until 
maturity is reached, then by a few successive internal divisions the 
whole protoplast is progressively converted into gonidia. In some 
eases the first division takes place horizontally cutting off a small por- 
tion of the base of the protoplast, which in some instances seems to 
remain sterile, at least the whole upper part is converted into gonidia 
before the basal portion is (pi. 5, fig. 11a.) . In other cases the first 
division is through the center of the cell. Other gonidia develop for 
a time after coming to rest, then divide v(‘getativcly sev(n*al times, 
generating small colonies before advancing to the gonidial stage 
(pi. f), fig. 116). 


3. Xenococcus Cladophorae (Tilden) S. and G. 

Plate 4, fig. 8 

Plants forming a more or less continuous layer one cell deep, or 
occasionally associated in small groups; cells variously shaped, angu- 
lar, prismatic, spheroidal or pyriform, 8-1 5/i, occasionally 22/x diam.; 
cell walls prominent, hyaline, homogeneous, often diffluent ; protoplast 
pale blue-green, homogeneous; gonidangia the same shape and size as 
the vegetative cells; gonidia formed by successive divisions of the 
protoplast, 1.5-2/a diam. 

Growing on Cl^dophora sp. in a tide pool, Baird Point, Strait of 
Juan de Puca, British Columbia. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. Ill, 1918a, 
p. 461, pi. 38, fig. 8. Pringsheimia scutata f. Cladophorae Tildes, 
Amer. Alg. (Exsicc.), no. 382, type. Chlorogloea tuberculosa Setchell 
and Gardner, Alg. N.W. Amer., 1903, p. 182 (in part) ; Tilden, Minn. 
Alg., vol. 1, 1910, p. 46 (in part). 

So far as we are able to discover on the available specimens of 
Cladophora distributed by Miss eJosephine Tilden under no. 382 of her 
American Algae, there are no epiphytes present belonging to the 
Chlorophyceae. On the contrary, there is a mixture of species belong- 
ing to the Myxophyceae. 

One of these, a very small-celled form, very sparse in the dis- 
tribution i.t our disposal, as suggested by us (1903, p. 182), seems 
to be closely related to Chlorogloea tuberculosa (Hansg.) Wille. The 
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material is too sparse and scattered to admit of a very positive deter- 
mination as to what species it really may be. There are also groups 
of well defined vegetative cells of a species of Pleurocapsa, Judging 
from its present vogetativ(^ stage it seems to be undescribed. There 
are, however, no gonidangia that we have been able to discover, and 
as the material is very scanty we forbear naming it at present. Howe 
(1914, p. 12) states that he is unable to find in Miss Tildeji’s distri- 
bution, mentioned above, any member of the Chlorophyceae that he 
could interpret as being her Pringshcimia scutata forma Cladophorae, 
under which name no. 382 was distributed, but suggested that possibly 
the species referred to was that of a Dermocarpa, thus indicating that 
genus as being present in the matc^rial he examined. Hy far the 
most abundant species present in our material is no one of these but 
is the plant described above. Some specimens of the host are much 
contorted by its presence. This species seems most likely to be the one 
upon which was based Pringshcimia scutata forma Cladophorae, and 
is the plant, in part at least, later described and figured as Chlorogloea 
tuberculosa by Miss Tilden (Minn. Alg., 1910, p. 46, pi. 2, fig. 42). 


4. Xenococcus pyriformis S. and 0. 

Plate 5, fig. 13 

(^lonies small, single or occasionally confluent, young cells some- 
what angular, pyriform to subspherical at maturity, 10-15/x diam., 
12-20/i, long; protoplast bright blue-green; cell wall conspicuous, 
dense, hyaline ; gonidangia the same shape and size as the cells ; gonidia 
2.8-3.5/a diam., formed by successive divisions of the protoplast. 

Growing on Rhodochorton Rothii on rock ledge along high-tide level 
and above. Cape Arago, at the entrance to Coos Bay, Oregon. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. Ill, 1918a, 
p. 463, pi. 39, fig. 12. 

This species having cell divisions in only two planes perpendicular 
to the substratum, thus forming colonies only one cell deep, is to be 
placed under Xenococcus rather than under Pleurocapsa, and, while 
its pyriform cells suggest species of Dermocarpa, it differs from mem- 
bers of that genus in having vegetative cell division. In size and 
shape of cells it differs from any other species of Xenococcus, as yet 
described. 
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5. Xenococcus Ghaetomorphae S. and G. 

Plate 2, fitra. 2-^ 

Vegetative cells extremely variable in shape and size, some spli(*rical, 
some very angular and of nearly ecpial dimensions, and some long and 
narrow, tapering to sharp points at both ends as seen from above, 
up to 25/x in vertical diameter, the narrower cells up to 45/^ long; 
gonidangia the same shape as the vegetative cells ; gonidia formed by 
successive divisions of tlie whole protoplast; color bright blue-green. 

Growing on Cliactoinorpha avnia in a pool near high-tide limit. 
Cypress Point, Monterey County, California. 

Sctehcll and Gardner, in Gardner, New Pac. Coast Alg. II, 1918, 
p. 43f), pi. 36, figs. 2-4. 

1 II is s[)(‘ei(‘s was found associated with DermocMrpa pacifica, and it 
is somewhat diflScult to distinguish the two species. Both species 
produce gonidia in great abundance, and plants of both species may 
be found in all stages of growth at the same time. They are very 
abundant, intermingled, and as seen from above are very angular 
on account of lateral pressure resulting from growth. There appears 
certainly to be vegetative growth in the Xowcoccus, as the continuous 
areas covered by it, comprising many hundreds of cells, seem far too 
great to have arisen from a single group of gonidia; also should the 
gonidia escaj)c singly they could never by chance become so uniformly 
and closely associat(*d as they often are to be found. The cells of 
Xenococens in all stages of growth are extremely angular and very 
variable in shape and size; sometimes being much crowded at the 
cross walls of the host plant, the tendency is to elongate vertically. 
Frequently groups of cells seem to have started to grow on the cell 
walls of young cells of the host between the cross-walls, and as the 
host cell elongates the cells of the epiphyte seem to elongate abnor- 
mally in the direction of the long diameter of the host (pi. 2, fig. 2). 
There are no particular shapes and sizes of gonidangia, since any of 
the long narrow cells, small angular cells, or large spherical cells may 
be transformed into gonidangia. The gonidia are formed by suc- 
cessive divisions of the whole of the protoplast (pi. 2, fig. 4). On 
the whole, it seems almost certain that we have here two plants of 
different genera closely and intimately associated, and it certainly is 
not possible to distinguish the individuals of the two in all stages of 
their development. 
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10. Pleurocapsa Thur. 

Cells spherical or angular, and many sided by pressure, united 
into more or less gelatinous colonies of various shapes and sizes arising 
by cell divisions in three planes; protoplast blue-green, olive green, 
yellowish or violet; reproduction by vegetative cell divisions and by 
gonidia formation. 

Thuret, in Hauck, Meorcsalg. Deutschl., 1885, p. 515. 

The genus Pleurocapsa while named by Thuret was published by 
Hauck {loc. cit.). The type specimen of the species Pleurocapsa 
fuliginosa Hauck, the type of the genus, was collected at Trieste as 
is evidenced by the label of the specimen in Herb. Hauck at present 
in the possession of Dr. Anna Weber-van Bosse, through whose kind- 
ness it has been possible to examine a fragment. The species properly 
to he referred to Pleurocapsa are to be distinguished from those of 
Xenococcus by forming a less definite layer and by division in three 
directions, while from those of Gloeocapsa, they differ chiefly by form- 
ing gonidia. 

The genus Pleurocapsa, as given by Forti (1907, pp. 120-123), is 
credited with ten species, of which one occurs on limestone walls, 
four are marine, while five are of fresh water. The fresh water 
species referred to Pleurocapsa, especially those described by Hans- 
girg in his Physiologische und algoloische Mittheilungen (1890), are 
not readily to be reconciled with the description and distinctions as 
indicated above. They need further study. From the figures it seems 
that their affinities may possibly be rather with liadawia, or possibly 
even with Chamacsiphon. Certainly no such filamentous arrangement 
of the cells is to be found in Pleurocapsa fuligiTiosa Hauck or the 
other marine species now referred to the genus. 

Key to the Species. 

1. Teguments (enclosing jelly) hyaline 2 

1. Teguments (enclosing jelly) yellowish brown 3. P. entophysaloides (p 38) 

2. Cell wall hyaline 1. P. fuliginosa (p 36) 

2. Cell wall brownish 2. P. gloeocapsoides (p 37) 

1. Pleurocapsa fuliginosa Hauck 

Colonies forming a thin, dark crust on wood and rocks, each 
colony being 50-100/4 diam., cells 5-20/i diam., with colorless mem- 
brane and homogeneous, golden, reddish brown or sordid violet con- 
tents. 

Growing on piles. Seattle, Washington. 
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Hauck, Meeresalg. DeutschL, 1885, p. 515, fig. 231; Setcliell and 
Gardner, Alg. N.W. Amcr., 1903, p. 181. 

The type of Plciirocapsa fuUginosa Ilauek was collected at Trieste 
and has been examined by ns as mentioned above. Further remarks 
on this type will be found under P. entophysaloides S. and G. The 
result of our study has b(H*n to retain the Seattle plant under this 
name, for the present at least, since it resembles the type material very 
closely. We did not, however, find any of the larger colonies described 
and figured by Ilauck and the cells, with thick teguments, measure 
up to 30/* in diameter, which is half again greater than the maximum 
measurements given by Ilauck. For reasons given later we feel 
uncertain as to the exact form and development of the gonidangia 
and gonidia in this species. 


2. Pleurocapsa gloeocapsoides S. and G. 

Plate 5, figa. 15, 16 

Colonics associated into soft, glistening, gelatinous masses, 1-2 mm. 
thick; cell divisions regularly in three planes; cells globose when 
single, angular from mutual pressure in colonies; protoplast 4-8/* 
diam., homogeneous, jiale blue-green; cell wall conspicuous, brownish; 
colonies of 2-8 cells enclosed in an ample, homogeneous, hyaline, soft, 
gelatinous tegument; gonidia 2-4 formed in unchanged veg(^tative 
cells, 2.5-3. 5/* diam. 

Growing on a water-soaked log, at the margin of a salt marsh. 
Alameda, California. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. Ill, 1918a, 
p. 465, pi. 39, figs. 15-17. Gloeocapsa crepidinum Collins, Holden and 
Setchell, Phyc. Hor.-Amer. (Exsicc.), no. 1151 (not of Thuret). 

The material of the above mentioned distribution was collected in 
1913 in the same locality in which the type material of P. gloeoaip- 
soides was collected in October, 1917. The gonidia, if present in the 
original collection, were overlooked, and the close resemblance of the 
species in the vegetative stage to Thuret ’s Gloeocapsa crepidinum, so 
well and amply figured in Bornet and Thuret (Notes Algol. 1, 1876, 
pi. 1), led the authors of the above mentioned exsiccatae to place it 
in that species. Now that well formed, typical gonidia are found in 
great abundance it has seemed best to remove it from the Ciiroococ- 
caceae and place it in the Charaaesiphonaceae, if we are to adhere 
to the well recognized distinction between these two families. The 
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formation of gonidia is not unique in this species. It is similar to 
that reported as taking place in Pleurocapsa eritophysaloides, and in 
other undescribed species which we have observed. In all of these 
species the contents of all of the cells of a colony seem to divide 
simultaneously. Any and all of the vegetative cells may produce 
gonidia without change in size. This is also true of all species of 
Dermocarpa, Gomphosphaeria, etc. The cell being small the number 
of gonidia from a cell is small, viz., two to four, and it has not been 
determined positively whether the two divisions necessary to form 
four gonidia take place successively or simultaneously. In most of 
the species in other genera which we have studied the divisions take 
place successively, and this method may possibly be the one followed 
by all species. Wille (1906, p. 21) has described and figured what 
appears to be tlie same method of gonidial formation in the European 
Glococapsa crepidimim Thur., which he finds near the biological 
station at Drontheim. lie does not look upon this stage in the life 
history as being the gonidial stage comparable to that of the Chamae- 
kiphonaccac, but speaks of it as the Aphanocapsa^Steidmm,^* lie 
concludes that these small cells fioat away, finally lodge in tide pools, 
and become the so-called marine species of Aphanocapsa, e.g., A. 
nmrina Hansg. The facts as we find them here seem hardly sufficient 
to warrant such conclusions concerning our species. 

There are certain difficulties in the way of a satisfactory placing 
of this form that have led to a disposition of it as a species of Pleuro- 
capsa. Were it not for the presence of gonidia, it might be placed 
fairly satisfactorily under Gloeocapsa crepidinum Thuret. The dis- 
covery of similar gonidia in what Wille refers to Glococapsa crepi^ 
dinum in Norway, strengthens this position. There are, however, pos- 
sibilities that Willems plant may not be the same as that of Thuret and 
that ours may be diflUcrent from both. It may be that all Gloeocapsa 
species may be found ultimately to form gonidia, but it does not seem 
very probable. In view of the various uncertainties, it seemed best 
for the time, at least, to refer the California plant to Pleurocapsa. 

3. Pleurocapsa entophysaloides S. and G. 

Plate 4, figs. 9, 10; plate 7, fig. 30 

Plants forming a dark colored, pulverulent, somewhat mucilaginous 
stratum, 1-4 mm. thick ; single cells spherical, 8-IO/1 diam., in colonies 
very angular, 4-8/a diam., forming spherical or variously lobed, fre- 
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quently entophysaloid colonies, 40-60/1, up to 200/x diam., by cell 
divisions without rupturing the original tegument ; teguments firm, 
slightly mucilagciious on the surface, yellowish brown, 2/i thick; proto- 
plast homogeneous, light blue-green; gonidia formed in unchanged 
vegetative cells of either the small or the large c«»lonies, 3-3.5/i. diam. 

Growing on rocks in the upper littoral belt. Carmel Bay, Mon- 
terey County, California. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. Ill, 1918<i, 
p. 463, pi. 41, fig. 30. Plmrocapsa f uligkwsa Collins, Holden and 
Setchell, Phyc. Bor.-Amer. (Exsicc.), no. 704 (not of ITauck). 

Pleurocapsa cut ophysalo ides is closely related to P. fiiliginosa 
Hauck (1885, p. 515, fig. 231) but differs from it in having slightly 
larger colonies which arc often entophysaloid (pi. 7, fig. 30), in hav- 
ing ti blue-green protoplast, a yellowish brown tegument, in having 
slightly larger vegetative cells and in having gonidia develop in the 
small vegetative cells. In this last statement concerning the size of 
the cells, we are assuming that Hauck inteiuh'd to include the large 
spherical cells which he figures, and which would ordinarily be con- 
sidered gonidangia, in his measurement ‘‘Zellen 5-20/4 dick.^’ We 
have examined a bit of the type material of his fiiliginosa and find 
that the vegetative cells of our sp<^cies are slightly larger than th(^ 
cells which we consider to be the vegetative cells of the type. Hauck 
does not mention gonidangia but he figures, in addition to groups of 
two, four, to many cells, four large* spherical cells, one of which is 
filled with undoubted gonidia. The presence of these two forms 
and sizes of cells brings up the qin^stion as to whether or not we are 
dealing with a single species or with two species, and if the latter, 
the two species probably belong to different genera. We have been 
puzzled with several similar mixtures collected on our coast. We 
are of the opinion that we have to reckon with two species in these 
cases and in the case of P. fiiliginosa. Now that we have discovered 
gonidia in these colonies of small vegetative cells in at least two species 
of Pleurocapsa, viz., P. entophysaloides and P, gloeocapsoides, the 
evidence in favor of considering that such mixtures as mentioned 
above belong to two species is stronger. Either we may take this view 
of the matter or we may note that we have two lines of development 
in a single species. One starts with a single cell, e.g., a gonidium, 
and, after enlarging to mature size, divides in three planes succes- 
sively, more or less at right angles to each other, the process continuing 
until a smaller or larger colony is built up, according to the species. 
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tli(j (Hills all remaining within a common tegument; then at maturity 
(*aeh small cell of the colony divides into a few gonidia, the whole 
mass of teguments and cell walls dissolves, thus setting free the gonidia. 
Tlie other line? of developin(3nt starts likewise with a single cell. This 
continiKis to increase in size without division until maturity is reached 
wh(^n it is many times larg<3r than the vegetative cells in the other 
method of development, after which the whole protoplast divides into 
gonidia, (*ither by succ(\ssive or by simultaneous divisions. These 
(pieslions need further observation and study before any decision of 
value ean be made concerning them. 


11. HyeUa H. and F. 

Plants forming tangled masses of iiuh^finitc expansion, boring into 
sh(‘lls of mollusks or into other algae ; primary or basal filaments mainly 
extending horizontally, one or more rows of cells enclosed within a 
sheath, oftcui v(‘ry much crumph'd aiid contorted, with frequent true 
branching, composed of a series of cells practically independent of 
OIK* another; short s(*condary filaments (nmiposed principally of longer 
and narrower e.ells enclosed in a separate sheath arising from the basal 
filam(‘nts ; c(*ll divisions in all dir(*ctions ; reproduction is accomplislu'd 
by th(^ escape of vegetative ccdls from the sheaths, and by gonidia 
fornii'd by the successive divisions of the cont(*nts of gonidangia devel- 
oped on short branches of the basal filaments or by the modification 
of cells of the basal filanuuits. 

Hornet and Flahault, Note sur deux nouveaux genres d’algu(*s 
perforantes, 18H8, p. 16;i (p. 8, Repr.). 

I'he type species is Ifyella carspitosa B. and F., but the type speci- 
men is not definitely d<3signated. The two localities explicitly iiidi- 
cated are those of C/roisie in Brittany, on the Bay of Biseaj' and Cette 
in IjangiKuloc, on the Gulf of Lyons. Since the locality mentioned 
especially as the source of the material is Croisic (Bornet and Flahault, 
Sur quehpies plantcs vivant, 1889, p. 3), we have assumed this as the 
type locality. 

The genus Ifyella is dimorphous and presents an interesting and, 
to some extent, puzzling morphology. It is distinctly filamentous and 
ill general appearance suggests the Stigonemataceae. At first a layer 
is formed at the surface of plant or shell, which appears chroococcoid 
but which seems really to be filamentous of the complex type of Stiyo- 
nema. From the inner face of this layer branches arc given off which 
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penetrate into the substratum and whieh are more simple in tlieir 
structure. These in turn give off true branches. The structure thus 
far is stigonemataceous. There are no liormogonia, however, but seem- 
ingly coccogonia (cf. Bornet and Flaliault, loc. cit., ]). 22). There are 
also distinct goiiidangia whose contents divide iiitt* goiiidia, such as 
are found in the (^hamaesiphonacea(‘. 

While the general appearance of HyvUn cacspitosa B. and F. differs 
very much from that ol' RikUiu^ui (iomimimna Sauv., yet it is by no 
means a simple matter to place certain (-alifornian plants recently 
described. Gardner (1918, p. 432) has stat(‘d these difficulties and 
has outlined his reasons for placing some under llyclUi, as follows: 
‘‘These forms with er(‘et filauK'uts, more or less branched and dis- 
torted, arising from basal filaments on the surface of the substratum, 
and growing into it, and having gonidangia at their bas«‘s near the 
surface of the host, have been assigned to JfycUa/* 

The g(‘nus llycUu is credited by Forti (1907, pp. 1‘24-1‘27) with 
five species, the type {JI. caespitosa) and three others being shell 
borers, while the fifth burrows ( ?) into c(U*Uiin red algae. Of the four 
species thus far detected on the Pacific Coast of North America, two 
are shell borers and two burrow into m(‘mbranous red algae. 

Key to the Spec’ies. 

1. Boring into shells 2 

1. Partially endophytic on laiger algae li 

2. Erect filaments usually less than IO/m in diain .. . . 1 . H. caespitosa (p 41) 

2. Erect filaments 10-11/* in diam 2. H. lattorinae (p 42) 

3. Filaments branching dimdroidally ... ... . 4. H. socialis (p 44) 

3. FilamentH seldom branching 3. H. linearis (p 43) 


1. Hyella caespitosa B. and F. 

Colonies appe^aring at first as minute discolorations on shells, later 
becoming much c.xpanded and confluent, freciuently covering the 
entire outer part of the shell, causing it to be very rough ; erect fila- 
ments usually parallel, 5-6/i,, even up to 10/x diam., 1()0-200 /a long, 
lower cells shorter, and upper ones several times longer than the 
diameter and sometimes branching; sheaths hyaline; horizontal 
filaments much branched, composed of spherical or angular cells, often 
several rows in a sheath ; cell contents yellowish olive gre(m or blue- 
green; gonidangia formed by the modification of cells towards the 
base of the filaments into large oval to pyriform gonidangia, gonidia 
numerous, spherical, about 2/* in diameter. 
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Boring into the shells of oyst(*rs and other mollusks. Central to 
southern California. 

Hornet and Flahault, Note sur deux nouveaux genres d'algues 
perforantos, 1888 (p. 2, Kcpr.), Sur quehpies plantes vivant, 1889, 
vol. 36, pi. 10, figs. 7-9, and pi. 11; Collins, Holden and Setchell, Phyc. 
Bor.-Amer. (Exsice.), no. LI. 

In placing this species among our Pacific Coast algae, we do so 
with some hesitation. The specimens of oyster shells distributed 
(Phyc. Bor.-Am(;r., p]xsicc., no. LI) as well as others from the same 
locality at other dates, show definitely a llyelLa and some even with 
young gonidangia, but no such typically well-fruited specimens as is 
desirable for certainty. Specimens possibly the same have also 
occurred at San Pc^dro, California, but unfortunately witliout goni- 
dangia. This species is, therefore, listed in the hope that further 
information may be obtained. 


2. Hyella Littorinae S. and G. 

Plato 3, ligs. 19, 20 

Erect filaments numerous, straight, parallel, simple or sparsely 
branched, 75-85/4 long, 10-14/4 diam. ; growth in length by division 
of apical cell ; basal ei*lls of filaments angular, 4-6/4 diam., divisions 
in all jdanes; terminal cells of erect filaments cylindrical, 20-30/4 long; 
cell contents blue-green, homogeneous; cell wall or sheath hyaline, 
homogeneous; 2.5-3. 5/4 thick; gonidangia unknown. 

Growing on Litlorina pUtmixis Nutt, along high-tide level on rocks. 
Gomnion along the coiist of California, but probably grows wherever 
this species of Liitorbm occurs. The type material is from Carmel, 
Monterey County, California. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. II, 1918, 
p. 441, pi. 37, figs. 19, 20; Collins, Holden and Setchell, Phyc. Bor.- 
Amer. (Exsiec.), no. 2255. 

Reproduction by gonidia has not been observed in this species, but 
the vegetative' characters are so similar to those of Hyella cae^pitosa 
growing on the shells of oysters and other mollusks as to leave room 
for little doubt as to its close affinity with that species. The prostrate 
filaments, characteristic of II yella caespitosa, have not been observed. 
Gonidangia may not develop and reproduction may be wholly vege- 
tative in the same manner as vegetative reproduction is reported to 
occur in Hyella caespitosa. We base our opinion on the fact that we 
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have examined shells at all seasons of the year and from different 
localities and have not found gonidia. The basal cells divide in several 
planes into numerous small, angular cells approximating gonidia. The 
filaments resulting from these divisio)is resemble those figured by 
Hornet and Plahault (1889, pi. 11, fig. 2). The small, angular cells 
probably escape and develop into new plants. Th(‘y can hardly be 
considered as having formed in gonidangia, because a few cells just 
above the basal cells divide likewise though progressively to a less 
degree, forming clavate filaments at maturity (pi. 3, fig. 19). 


3. Hyella linearis 8. and G. 

Plate 2, fig. 8 

'‘‘halli dark blue-green, ])enetrating into the host, 3r)()-4r)0/i long; 
cells of the inn(‘r ends of the filaments smallest, 4-6/x diam., 3.5-4.5jw. 
long, gradually incretisiiig in size to 12/1 in diam. toward the periphery 
of th(^ host; cell walls thin, hyaline; cell divisions in one plane at first, 
building u]) more or less tortuous, rarely branched filaments; later 
c<'ll divisions in three planes, often decidedly oblique, most abundant 
toward the periphery of the host, building u]) clavate filaments; goni- 
dangia at the surface of the host, 14-2l)/i diam.; gonidia numerous, 
1/1 diam. 

Growing on FrioniGs sp. Sunset Beach, m*ar th(>i mouth of Coos 
Bay, Oregon. This is the type locality and only one plant of Priomtis 
has been found infested by this speci(»s of Myxophyceae. 

Setchell and Gardner, hi Gardner, New Pac. Coast Alg. II, 1918, 
p. 442, pi. 36, fig. 8. 

This species s(H*ms closely related in form to Jlyvlla socialis S. and 
G., but differs principally in the size of the cells, and in haviiig the 
filaments nearly straight and rarely branched. The earlj’ stages in the 
development have not been observed. There is probably a prostrate 
layer of cells developed first, characteristic of the genus Hyella^ and 
the erect penetrating filaments arise from that. The discovery of 
Hyella- socialis was made by observing the presence of small warts or 
excrescences growing on Frionitis. IlyflUi was found to be uniformly 
associated only with the warts. We presume that the presence of a 
foreign plant may have stimulated the cells of Frionitvi thus produc- 
ing the abnormal growths at the points of infection. The rapid growth 
of the cells of Frionilis would have the effect of disturbing the hori- 
zontal layer of Ilyella and of dispersing its erect filaments. 
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4. Hyella socialis 8. and G. 

Plate 2, 5 

Filaments penetrating into the host, 200-300/x. long, tortuous, 
])ranc}iing dendroidal ly, at first cell divisions only in one plane, later 
dividing in all direetions, prodiieirig groups of cells within the original 
sheath ; each group resulting from the divisions of a single cell in the 
filam(*nt, becoming practically independent, similar to groups of 
Gloeocapsa cells, tlie largest groups being nearest the surface of the 
host; cells v(Ty angular, irregular in shape and size, 4-6/i, diam., 
terminal pcmetrating cell 7-9ft long, decidedly conical ; cell walls 
hyaliin*, soft; cell contents bright blue-green; gonidangia unknown. 

Growing in the stipitate portion of Iridaea minor J. Ag. in the 
lower littoral belt. Carmel Bay, Monterey County, California, May, 
1916. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. II, 1918, 
p. 443, pi. 36, 6g. 5. 

The basal filaments of the plants, if pres(*nt at all, cannot be thor- 
oughly worked out with the material at hand. Further study will be 
nvpiired to elucidab? this point. The early stages of the development 
r)f this species arc unknown. No gonidangia were present and the 
host plant was nearing maturity. It is possible that no gonidia are 
developed, and that the dissolution of the sheath of the groups of 
vegetative cells free them at the time that the host is b(*ginning to 
disintegrate and these vegetative cells locate on younger hosts. 

We have placed this species in tlie genus Ilyella on account of 
its close similarity in some of its vegetative characters and in its 
penetrating habit to those of TL caespitosa B. and F. (1888), the orig- 
inal specie's of the giuius. They represent cell divisions as taking place 
ill all din'ctions at the base of the erect filaments. In surface view the 
cells arising from divisions of the cells in the basal filaments appear 
in more or less isolated groups in their illustrations. The few cells 
near the base of the erect filaments are less divided, and the terminal 
cells of the erect filaments remain undivided. The erect filaments thus 
become somewhat isolated, and clavate in fonn. The filaments of 
//. socialis appear to be formed in the same manner although they are 
crooked and branched. In the absence of knowledge concerning the 
prostrate portion of the thallus, characteristic of the typical Hyella, 
and in the absence of gonidangia, this species must remain somewhat 
in doubt as to its generic positon. 
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12. Badaisia Snuv. 

Plants forming: small, compact masses of colls on the surface of 
the host, consisting: of a more or less parenchymatous basal layer 
formed by repeated divisions in vertical planes ef a single cell, and 
of simple or complex, erect, more or less branched filaments arising: 
from the basal layer by horizontal divisions and usually very com- 
pact and more or less coalescent; g:onidang:ia arising: by modification 
of terminal cells of the erect filaments. 

Sauvag:eau, Sur le Na<Uih^M, 1895, p. 1173 (p. 2, R(‘pr.), pi. 7, fij^. 1. 

The genus Uadaisia was founded by Sauvageau {loc, cit,) to 
receive two species, Ti, Gomontkina Sauv. and R, Cornuanu Sauv., of 
which the first, both because of its position in the article and because 
it is ’escribed and figured with gonidangia, may lu* taker as the type. 
It is a marine species, epiphytic, upon species of Fuats, and was found 
in the southwest of France, at Biarritz and at Guethary. 

The type shows a minute* cushion, composi'd of vi‘rtical and slightly 
radiating filaments which ar<‘ simj>le or occasionally fastigiately dicho- 
tomously branched, whose terminal cells are transfornu'd into large, 
spherical, ovoid or pyriform gonidangia. Of the development, and 
manner of the cell divisions Sauvageau says nothing. The second 
species is an inhabitant of fresh water, growing on submerged stones 
in rapidly flowing springs, but was not providcnl with gonidangia. 

From the figures and description of the adult stages of Radaisin 
Gomontlaim and from the study of our R, LumlnurUho, whit^h seems 
certainly to be referred to the same genus, it appeal's that the divisions 
of the cells take place variously and succi*ssiv(*ly in on<*, two, and three 
directions. Apparently a cushion may and does arise, as a rule, from 
a single cell (gonidium). By divisions taking place in two directions, 
perpendicular to the substratum, a layer of cells is formed. The cells 
of this layer divide, after a time, in the third direction, i.e., parallel 
to the substratum, producing the filaments which form a cusliion out 
of the la 3 "er. The filaments by occasional division in other directions 
than parallel to the substratum initiate branches and consequently 
the radiate structure of the cushion arises. The transformation of the 
terminal cells into large and conspicuous gonidangia completes the 
structure of the typical species. 

We have followed the distinction set forth by Gardner (1918, 
p. 432) in distinguishing Rad^iisia from Hyella, Radmsia, then, will 
include those forms with erect filaments, simple or complex, closely 
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compact, more or less parallel, not at all or but slightly branched, 
arising from ])asal filaments on the surface of the host and extending 
away from it, and with the gonidangia on the outer free ends. 

Key to the Species. 

1. (lonichuiKia siinplc, each torminating a trichomc 2 

1. GonidaiiKia compound, i. c., in groups within a common sheath 

4. R. epiphjrtica (p 49) 

2. Cionidangia spherical to ovoid 3 

2. Gonidangia hernisjdicrical 3. R. clavata (p 48) 

3. Gonidangia sphiTical to ovoid, 8-9/^^ in diain 1. R. Laminariae (p 46) 

3. Gonidangia spherical, 4-6/x in diam 2. R. subimmersa (p 47) 

1. Radaisia Laminariae S. nnd G. 

Plate 3, figs. 34-16 

Prostrate portion of the plant consisting of compact, radiating 
filam(*nts, dichotomonsly or snbdiehotomously branched, forming a 
closely coin])act thallus circular in outline, up to 300/a diam.; cells 
of jirostrate tilairi(‘nts qiiaclrate, 4-4.5/a diam., giving rise by horizontal 
divisions to closcdy compact, erect filaments; the whole thallus 30-40a 
thick; gonidangia terminal on the erect filaments, spherical, or slightly 
oval, 8-9/a diam. ; gonidia 0.8/a diam. formed by simidtancons division ; 
color bright blue-green. 

Growing on the terminal portion of the blades of Lamhwria Sin- 
clair ii, Fort Point, San Francisco, California. This locality, so far 
as we know, is the only one in which this species has been observed. 
It ])robably has a much wider distribution. The host plant extends 
from Vancouver Island, British Columbia, to the vicinity of Point 
( h) n ciq) t i on , C al i f orn i a. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. II, 1918, 
p. 444, ])1. 37, figs. 14-16; Collins, Holden and Setchell, Phyc. Bor.- 
Amer. (Exsicc.), no. 2254. 

RathmUi IxtinUwrMc we have taken to represent a typical form of 
the genus, having a single layer of cells for the ba,se which gives rise 
to perpendicular, parallel, unbranched filaments extending away from 
the host, and each bearing a single terminal gonidangium. The whole 
cushion or colony is in reality a single plant resulting from the growth 
of a single gonidium. The plants of this species start from a single 
cell, and by a few divisions a small group of cells is formed ; around 
the margin the cells begin to arrange themselves radially in rows, 
and by divisions in two planes, radial and tangential, a circular disk, 
one layer of cells deep, is formed. The marginal cells enlarge tan- 
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gentially and are cut into two cells by a radial wall; the resulting 
“filanuMits’’ arc of ecjual growth iis a rule, and the forking thus 
becomes dichotomous (pi. 3, fig. 16). Plants often become so closely 
associat(*d as to form a continuous layer over the surface ol* the host. 
Even under this condition they have no elTect U[>')n the host, so far 
as death and disint(*gration of the cells are conceriH'd, and hence tlu'y 
arc strictly 0])iphytic. The erect filaments result from the horizontal 
division of the prostrate or basal cells. They form very dense, com- 
pact masses, their cell walls adhering firmly (pi. 3, fig. 15). The 
gonidaiigia are numerous, s[)herical or slightly oval, being transformed 
terminal cells of the erect lilanu'iits (pi. 3, fig. 14). 

2. Radaisia subimmersa S. and (1. 

JMate iigH. 12, ^ 

Thalli small, inconspicuous, irregular in outline on the surface of 
the host, growing on the cuticle, or in small surface cavities; prostrate 
or basal layer composed of angular ccdls 3 - 5 / 1 , diam., arranged irregu- 
larly, giving rise to ere(*t filaments, parallel at first, later spreading 
somewhat at th(‘ fnu* distal ends, 35-45/a long; cdl divisioTi on the 
frc'e surface* portion in out* ])lan(*, within the host in three planes, 
building up oval masses; cells in erect hlaments 3-5/a long, 1.5-2.r>/A 
wide, old(*r cells fre<iuently becoming pear-shap('d ; ci*ll contents homo- 
geneous, blue-green; gonidangia terminal, s])herical, 4-6/a diam., pro- 
ducing 6-8 gonidia by simultaneous division. 

(Growing on Uhodymcnki sp. Carmel Ibiy, Monterey (k)uiity, 
California. The host plant wa.s collected by (lardner (no. 3350). It is 
a Rhodymenm and i)Ossibly R, Palmctta, at least it belongs to the 
Palmetta group. It wjis cast ashore and slightly faded, thus making 
the Rachmia groups api)ear distinct, which led to th(*ir discovery. 
The host is not uncommon along the California coast, and the epiphyte 
is to be expected in other localities. 

Setchell and Gaidncr, m Gardner, New Pac. Coast Alg. II, 1918, 
p. 446, pi. 37, figs. 12, 13. 

This species of Rad<iisia, like others, seems to be epiphytic at first 
until the basal layer of cells is produced. Plants start from a single 
cell on the cuticle of the host, at least some of them have been so 
observed. By repeated divisions, sometimes perpendicular to the long 
diameter of the cell, but usually quite oblhiue, a single layer of cells 
of varjdng shapes and sizes is built up (pi. 3, fig. 13). The cell walls 
of this basal layer are transparent, seem to he gelatinous, so that the 
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cells soon become more or less freed and independent of each other. 
Horizontal divisions befifin and short filaments, three to five cells long, 
are formed above the surface of the host. Meanwhile it seems possible 
that the prostrate layer has begun to dissolve the cuticle and the under- 
lying cortical cells, and division of the basal cells maj’^ have begun 
forming filaments which push into the host, completely dissolving the 
host cells as th(‘y penetrate (pi. 3, fig. 12). 

The plants upon which this species is founded are scarcely mature, 
the gonidangia lading v(*ry rare.. The dei)th to which they may pene- 
trate the host is thus far rather uncertain. It is not at all unlikely 
that th(*y may p(aietrat(^ to a greater dei)th than that reported in the 
diagnosis above. It certainly seems that the whole of the cells of the 
host is actually a])sorbed, or at least d(\stroyed, as far as the parasite 
travels. 

Radaism siihimnursa may be looked upon as being on the border 
line between Radaiski and llyeUa so far as its relation to the host is 
concerned, being partially int(*rnal and partially external, and pos- 
sibly growing in both directions from the original basal layer. The 
filaments, however, being more or less parallel, and having the goni- 
dangia on the outer free ends, are characters which have led us to place 
it in the g(*nus Radaism, 

3. Radaisia clavata S. and G. 

Plate 3, figs. 17, 18 

Plants forming microscopic, deep blue-green cushions on the surface 
of the host, up to lOOfi diain., more or less fan-shaped in median sec- 
tion ; filaments very closely compact, 7()-100/i long, sparsely branched 
near the outer ends; cell walls 4~5/ut diam. at the base, 1-Sfx above, 
3-4ft long, ct'll divisions often irregularly oblique, cell walls thin, 
hyaline; protoplast homogeneous; gonidangia 8-9ft diam., terminal, 
hemispherical ; gonidia angular, diam., formed by simultaneous 

division. 

Growing on G ymnogo^igrus linearis, in the lower littoral belt. 
Lands End, San Francisco, California. This is the oiily known locality 
in which this plant grows. The host plant is common along the Cali- 
fornia coast and extends as far north as the Straits of Juan de Fuca. 
It is not at all unlikely that it may be found on the same host in 
other localities. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. II, 1918, 
p. 445, pi. 37, figs. 17, 18. 
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Radaisia clavata departs slightly from R, Laminar iac in having 
the filaments occasionally branched, and the cross cell divisions often 
decidedly irregularly oblicpie. 


4. Radaisia epiphytica S. and 

Plato 3, figs. 10, 11 

Thalli forming cushions on the surface of the host, nearly circular 
in outline as seen from above, 250-35 ()/a across, 5(M)()/i thick; ]mostrate 
or basal layer formed by dichotomous or subdichotomous branching 
around the margin; erect filaments loosely adherent, composed of 
groups of angular C(*lls, 3-5/u, diarn., produet'd by cell divisions in three 
planes; protoplast homogeneous, blue-green; terminal and subterminal 
cells of the vertical groups transformed into gonidangia with sliglit 
increase in size; gonidia angular, 1.8-2.4/1 diam., formed by simul- 
taneous division of the protoplast. 

Growing on Irklaea minor J, Ag. in the lower littoral belt. Chirmel, 
Monterey County, (California. 

Sctchcll and Gardner, in Gardner, Nc*w Pae. CC>ast Alg. II, 1918, 
p. 447, pi. 37, figs. 10, 11. 

Only a single antlieridial plant of Iridam has be(ui observed with 
this epiphyte growing upon it, but doubtl(*ss it is common and prob- 
ably grows on other forms of the same species. Iridaca minor is 
usually rather dark color(*d, which makc*s the pr(*s(‘nc(* of the Radaijiia 
somewhat obscure, and probably accounts for its not liaving been 
observed previously. 

The gonidangia of R. epiphytka depart somewhat from the typical 
form of the genus. Since tin* erect filaments are complex in eacJi 
sheath, resulting from vertical as well as horizontal divisions, often 
irregular and oblicpu*, the gonidangia are also comph*x, consisting of 
a group of transformed terminal cells instead of a single terminal cell 
as is usually the case. The original cell wall or sheath persists as 
the erect filaments elongate and become complex. Likewise when 
the terminal cells metamorphose into gonidangia the original sheath 
of a group of cells persists, and a compound gonidangium is the result. 

13. Oomphosphaeria Kuetz. 

Cells associated into definite, small, irregularly more or less 
spherical, solid, floating masses ; cells usually obovoid, tapering within, 
rounded or, at the beginning of divi.sion, obcordate without, supported 
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on radiating?, dichotomous, {gelatinous stalks; protoplast blue-green, 
yellowish or reddish, homogeneous; gonidia numerous, arising in the 
otherwise unaltered eelhs (gonidangia) through successive divisions. 

Kuetzing, Alg. Decade XVI, 18t36, no. 151. 

The type of the genus Ooniphosphaeria is G. aponina Kuetzing 
collect(;d at Abano n(‘ar Padua, in waters of 36° R. (45”C). The 
structure of th(^ colonies has not been generally understood, but has 
b(?en ch^arly d(!serib(‘d and illustrated by Schmidle (1901, pp. 16-20, 
pi. 1, figs. 1-5). We have been able to couhrrn the account of this 
siructurc and the develojiment of the colony. The structure and 
d(^vc‘loi)ment s(‘ein to relates this genus rather to Xmococcus and other 
C3iamaesiphonaeea(^ than to any of the Chroococmcvac and the dis- 
covery of gonidia (ef. Schmidle, loc, cit., and Zukal, 1894, p. 259, 
pi. 19, figs. 9, 10), which we, however, have not as yet observed, gives 
additional reason for placing it in the Chamaesiphonaceac? as wt^ have 
done. 

There arc, at x)ro.sent, three species referred to Gamphosphacrut, of 
which the type, G, aponina Kuetzing, is regarded iis being the most 
common and wid(‘ly distribut(*d. 


Gomphosphaeria aponina Kuetz. 

Plate 1, figs. 2, 3 

(h'lls associated into microscopical blue-gre(*n colonies up to 90/i, 
diam., tegument hyaline, moderately thick, slightly lamellate, cells 
clavate or pear-shaped to obcordate, radially arrang(*d in the colonies, 
WfjL long, 4-5/1 diam., pedicellate with radiating, short, thick stalks, 
dividing in two directions; gonidia numerous, globular, about 2/i in 
diameter, successively formed. 

Floating among other algae in a pool in a salt marsh. Whidbey 
Island, Washington. 

Kuetzing, Alg. Decade, XVI, 1836, no. 151, Tab. Phyc., vol. I, 
1846-1 vS49, \). 22, pi. 31, fig. 3 ; Setchell and Gardner, Alg. N.W. Amer., 
1903, p. 180. 

GomphosphaerUi aponina is found in warmer and c(wler fresh 
waters as well as in brackish water of i>ools in salt marshes and may 
be rather widely distributed along our eoa8t although we are able to 
cite definitely only one locality. The specimens agree perfectly with 
those distributed by Kuetzing in his Decades (no. 151), as cited, and 
also with the type material in Kuetzing ^s herbarium. 
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Order 2. IIORMOGONAIiES atkinson 

Tliallus pluriedliilar, filamentous, with or williout a sheath, eylin- 
drical, or tapering to a liair, unbranehed, or with false or true branch- 
ing; filaments single, or several within a eoiimioii sheath, or iinitiHl 
into a more or less gelatinous mass; all of the cells of the lilaments 
similar, or with occasional specialized cells called lu*terocysts ; multi- 
plication by the filament breaking into segments a few cells long, 
called hormogonia, through the death of certain cells, and by the 
formation of resting spores. 

Atkinson, A college text book of botany, ed. 2, 1905, j). lG.‘i. 

Ilonnoyonrar Thuret, Essai (lass. Nost., 1875, p. :{77. 

As previously stated under Coccogonales, Thiiri*t was tin* tirst to 
divide the IMyxophyceae into two groups and it seems best to consider 
these as ord(‘rs. Tin* llormogonales diifei from the (%)eeogonal(*s in 
being uniformly filamentous, either witli or without branches, and 
reproducing vi‘g(*tatively by short piee(‘s of two, to thri*e, to manj’^ 
cells instead of separating single cells for this purpose. The honno- 
gonia arc formed by the d(‘finite splitting ofl* of tlu‘S(‘ small lengths 
of the filaments, usually in a series, the hormogonia being se|)arated 
from one another by the death of intermediate cells. Sport* formation, 
when present, is by means of cells cimnging their sha])(* and size to a 
greater or less extent and forming a thick, smooth, or at tiim*s variously 
roughened, outside coat. (Jonidia formation is described for certain 
of the llormogonales, but needs further observa1i(»n and study before 
being accepted as ecpii valent to that of tin* Chamaesiphonaceae. 

Aft(*r careful consideration of the various vi(‘ws, it has se(*m(‘d b(‘st, 
for reasons given below, to divide the llormogonales into two sub- 
orders, Homocyst ineae and lleterocystineae. 

Key to Suhouders and Eamiliks. 

1. Cells alike, neither differentiated into hair cells nor heUjrocysts 

(Suborder 1. Homocystmeae^ Family 3. Oscillatoriaceae (p 53) 

1. Cells of two sorts, vegetative and either hair cc*11h or heteroeysts, or both 

(Suh>rder 2 . Heterocystineae) 2 

2. Trichoines alike at both ends, branching wanting 

Family 4. Nostocaceaa 89) 

2. Trichoines unlike at opposite ends 3 

3. Branching false, hairs usually present, abundant .Family 5. Rivulariacaae (p 93) 

3. Branching true, hairs (in our genera) pre^sent, occasional or abundant 

Family 0. Stigonemataceaa (p 109) 
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SuBOKDER 1. IIOMOCYSTINEAE nobis 

Filaments either floating free or in layers, usually not attached to 
the substratum at either end; trichomes of cells very little different 
from one another, not provided with hetcrocysts or tapering into a 
hair, simple or branched, with or without a sheath enclosing one or 
more trichomes; propagation by hormogonia; spores unknown; goni- 
dia 

Ifoniocysteae Bornet and Flahault, Tab. syn. d. Nost. fil. Het., 1885, 
p. 197, Rev. J, 1886, p. 1125; Gomont, Monogr. des Oscill., 1892, p. 289 
(1893, p. 27, Repr.). 

It lias s(»eemd best to continue the practice, introduced by the 
French pliy eulogists, of separating the Ilormogonales into two sub- 
orders, tlu^ 1 lomocystineae and the lleterocystineae. The presence 
or abs(mce of heterocysts is so nearly an exact dividing character and 
the exceptional eases so few and so readily dealt with, that it seems 
unnecessary, as well as decidedly undesirable, to change the desig- 
nations. Gomont (1899, pp. 30-33) has discussed the question, and 
further details will be given in the discussion of the lleterocystineae. 
The Ilomoeystineae, as here defined, include all the Ilormogonales 
having neither hetcrocysts nor terminal hairs. It forms a compact, 
well defined, seemingly natural group. 

FAMILY 3. OSCILLATORIACEAE uarvey 

Trichomes pluricellular, straight, arcuate, more or less uncinate 
at the apices, or spirally twisted, simple, or rarely with false branch- 
ing, cylindrical, or sliglitly tapering at the apices, all of the cells 
similar in shape and in function, with or without a sheath, single or 
plural within a sheath; multiplication by means of motile (?) hormo- 
gonia. 

Harvey, Ner. Bor.-Amer. Ill, 1858, p. 96 (in part) ; Kirchner, 
Schizophyceae, in Engler and Prantl, Natiirl. Pflanzenfam. I, la, 
1898, p. 61. Oscillaridcae Gray, Nat. Arr. Br. PL, vol. 1, 1821, p. 80. 

It seems best to recognize a single family under the Homocystineae 
and this was done in 1898 by Kirchner (7^c. cit.) who is quoted above, 
therefore, as final authority, althougli the name in its present form 
was used as early as 1858 by -Harvey (7oc. cif.), but in much more 
extended sense. In the sense of Kirchner, Oscillatoriaceae include 
both the Vaginarieae and the Lyngbyeae of Gomont (1893, p. 28. 
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Repr.). The family of the Oscilhitoriaeoae may be subdivided into 
several subfamilies, sueh as the JSehizotrielu'ae, Lynj^d)yeae, Oseilla- 
torieac, and Spirulineae. 


Key to the (Ieneha. 

1. Trichomos destiiiite (jf :i sheath 2 

1. Trichomos provided with a sheath .... 4 

2. Trichomos twisted into a distinct spiral (Subfamily 1. Spirulineae) . .a (pod) 
2. Trichomes straij^ht or, at times, in a l(»ose and irregular sjural (Subfamily 2. 


. It). Oscillatoria ( 
.14. Arthrospira ( 


...IT). Spinilina 


. 9 ( 


Oscillarieae) ... 

3. Dissepiments distinct, spiral, loose 

3. Dissepiments indistinct, spiral, loose or tiji:ht 

4. Trichomes solitary within the sheath (Subfamily 3. Lynj^liytMie) 

4. Trichomes two to many within a common sheath 

(Subfamily I. Sehi/otrie.heae) . 

5. Trichomes simj)le 

5. Trichomes branched 

(). Sheaths distinct, not ditlUient ... 

6. Sheaths diffluent into an enelosiiij? jt'lly 17. Phormidium ( 

7. Forming caespitosc e.\])ansions IS. Lsniffbya ( 

7. Forming fasciculately tufted layers 20. Ssrmploca ( 

8. Fihiments free . . . 10 Plectonema (i 

8. Filaments ascending and fasciculate, forming tuft(‘d laycTs 

20. Symploca ( 

9. Trichomes fc'w in a shi'ath 21. Hydrocoleum ( 

9. Trichomes several to many in a sheath 22. Microcoleus ( 


) 58) 
) 53) 
) 55) 

> 07) 

) S3) 
.. 0 
.... s 
. . 7 
) OS) 
) 72) 
) SO) 
) 78) 

) SO) 
) 81) 

> S5) 


SUBFAMILY 1. SPIUTJLINKAE FORTI 

Filaments without a sheath, more or less refi:ularly or irregularly 
coiled in a laxer or closer s|)iral. 

Forti, in De-Toni, Syll. Alf?., vol. 5, 1907, p. 145. Spirulitwideur 
Gomont, Monogr. des Oscill., 1892, p. 248 (1893, p. 116, Repr.) (lim, 
mut.). 

We have followed Forti {hoc, cit,) both as to the form of the naimt 
of this subfamily and as to including Arthrospira as w(41 as 8pirulina 
although Gomont (loc. cit.) inedudes only Spinilina. From our point 
of view, both these genera closely approach species of Oscillatoria as 
will be shown in detail below. 


14. Arthrospira Stizenb. 

Trichomes multicellular, cylindrical, evaginate, loosely and regu- 
larly coiled, usually of relatively large diamt ter and large spirals, and 
comparatively short and with few coils; dissepiments distinct, apices 
slightly or not at all tapering, terminal cell rounded, calyptra absent. 
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Stizenberger, ^pirulina \ind Arthospira, in Ilcdwigia, vol. 1, 
3852, p. 32. 

The type species is Arthrospira Jcnncri (Hass.) Stizenb., a fresh 
water plant from Tunbridge. Arthrospira is intermediate between 
OsciHatoria and Spirulinn, Some species of Oscillatoria, such as 0, 
Bonnewaisonii Crouan are loosely, but regularly, spiral. The coarser 
speci(‘s of Arthrospira approach these. On the other hand, the looser 
and lax(»r speci(‘s of Arthrospira^ e.g., Arthrospira miniata (Hauck) 
Goniont which is shuider and with the dissepiments obscure, approach 
Spirulimi. Tn certain slender but straight species of Oscillatoria, e.g., 

0. amphibia Ag., the dissepiments are as obscure as in species of 
l!^pirulhHi until they are revealed by treatment with strong solutions 
of chromic acid (ef. Oomont, 1893, pi. 7, figs. 4, 5). In the same 
fashion, treatment with chromic acid reveals the dissepiments in 
species of Spirulim (cf. also Gardner, 3917, p. 377). 

Key to the Species. 

1. Oils 7--9/X in dimn., 5 -7/^ long 1. A. maxima (f) .54) 

1. (3oI1h 14..5-1()/x in diam., 2. 5-3.. 5ft long 2. A. breviarticulata (j) .55) 


3. Arthrospira maxima S. and G. 

Plate 8, fig. 3 

Trichomes 7“9fi diam., forming an open regular spiral of 3-8 turns, 
40-6()/x diam., 70 -SO/x between the turns, slightly tapering at the ends ; 
cells 5-7fi long, not constricted, with numerous, coarse, angular, 
refringent granules frequently crowded at the partitions; end walls 
of terminal cells rounded, slightly thickened ; color verdigris green. 

Found floating among other species of Myxophyceac in a warm 
salt-water pond. Known only from a single locality, viz., in a hot, 
salt-water pond, Key Route pool, in Oakland, California, on the sliore 
of San PVancisco Bay. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. I, 1917, 
p. 377, pi. 33, fig. 3; Collins, Holden and Setchell, Phyc. Bor.-Amer. 
(Exsicc.), no. 2259. 

The salt water of this pond was pumped from the bay and used 
for condensing the steam of a power house, the same water being 
used repeatedly, thus it became alternately heated and cooled. This 
treatment subjected the floating algae to the unusual condition of 
extremes of heat and cold under which it thrived abundantly. 
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2. Arthrospira breviarticulata S. and G. 

Plato 7, fig. 26; plate .5, fig. 18 

Trichomes very loosely twisled into a more or less regular spiral, 
and much knotted and eontorted, 14.5-1 G/x diam., eomparativi‘ly short, 
slightly torulose, not tcapering at the apiees; eolLs 2.5-3.5jLt long; proto- 
plast pale steel-blue, with few seattered, somewhat angular gramiles; 
cell walls thhi, distinct, terminal cell very convex, outer wall not 
thickened. 

Growing on rocks and among Chuloplumi trkhotoma in tide pools 
along high-tide level. Lands End, San Francisco, California. 

Setchell and Gardner, l)i Gardner, New Pac. Cojist Alg. Ill, 1918a, 
p. 466, pi. 89, fig. 18, and pi. 41, fig. 26; Collins, Holden and S(‘tchell, 
Phyc. Bor.-Amer. (Exsicc.), no. 2258. 

Arthrospira hrevutrticnkiia is distinguished from all other species 
of the genus by its much gn‘at<‘r length, and gn^atm* diameter, by its 
being loosely coiled, and by its relatively much shorter cells. It approx- 
imates the spirally coil(‘d species of OsciJkitoria, yet s(M*ms to b(» ref(‘r- 
able rather to Arthrospira. 


15. Spirulina Turp., emend. Gard. 

Trichomes multicellular, cylindrical, evaginate, loosi*ly or tightly 
coiled into a more or less regular spiral; apex of trichome usually not 
tapering; diss(*piments obscured; terminal cell rounded, without 
calyptra; protoplast homogeneous or granular. 

Turpin, mDict. des sciences nat. de Levrault, vol. 50, 1827, p. 809; 
Gardner, New Pac. Coast Alg. 1, 1917, p. 879. 

It has been shown (Gardner, 1917, pp. 877-879) that there is no 
fundamental difference between the genera Spirulina and Arthrospira, 
both having multicellular, spirally twisted filaments. We have 
retained the two genera as a matter of convenience, since the species 
are few in each genus and well known, and since they fall rather 
naturally into two groups as r(;gards size. We have retained Spiruliiia 
to include the small, more or less tightly coiled forms with inconspicu- 
ous cross walls, usually described as “ uniccilular, ^ ’ and Arthrospira 
to include the large, comparatively short, loosely coiled forms with 
more or less conspicuous cross walls. 
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The genus Spirulina was founded by Turpin in 1827 {loc, cit,) 
with the typo spocir‘S riamod Spirulina oscillarioides, a name placed 
among flic ‘‘Species inquirendae” by Gomont (1893, p. 275, Repr.). 
Judging from his figures {loc. cit. Planches, 2^. partie, regne organise, 
“oscillariecs,” figs. 3, 3a, 36, 3c) Turpin’s plant was a mixture of 
fresli water species of Spirulina^ although some of his figures resemble 
species of Spiroyyra, but without cross walls. This appearance is 
doubtless due to the idea of Turpin that the spiral trichome is enclosed 
in a tube or thread of mucilage. 

Gomont (1893, p. 269, R(‘pr.) has adopted the name Spirulina of 
Turpin (1827) instead of the earlier Spirofjyra of Link (1809, p. 20) 
which se(*ms to have been founded on a species of Spirulina Turpin, 
giving liis rc^asons in full. Since Gomont ’s Monographic des Oseil- 
lariei's has Ih'iui made the starting point for the nomenclature of 
“Nostocaceae homoeysteae” by the Brussels Congress (ef. Actes de 
IITmo. Congres Inti^rn. de Botanhiue, Bruxelh‘s, 1910, vol. 1, p. 103), 
and since also the Spiroyyra of Link 1820 has been ydaeed by action 
of the same body {loc. cit.y ]). 109) among the “nomina conservanda’^ 
as against the Conjuyata*^ of Vaucher 1803, it seems nec(‘ssary as 
well as d(*sirable to follow Gomont. 

Key to the Species. 

1. Spiriil n’gular, loosely eoilod 1. S. major (p 56) 

1. Spiral regular, tightly coil(?(l 2. S. subsalsa (p 57) 


1. Spirulina major Kuetz. 

Plato 1, fig. 5 

Plants in mass bright blue-green, trichomes pale blue-green, more 
or less flexuous, 1.2-1.7/* diain., twisted into a fairly loose, regular 
spiral, 2.5-4/1 diam., with a distance of 2.7-5fi between the turns. 

Growing in brackish water. Puget Sound, Washington, to central 
California. 

Kuetzing, Phyc. Gen., 1843, p. 183; Gomont, Monogr. des Oscill., 
1892, p. 271, pi. 7, fig. 29 (1893, p. 271, Repr.) ; Sctchell and Gardner, 
Alg. N.W. Amer., 1903, p. 182. 

The species of Spirulina are to be distinguished from one another 
by four different criteria : (1) by the varying diameter of the trichome ; 
(2) by the horizontal amplitude of the spiral; (3) by the distance of 
the turns of the spiral from one another, i.e., by the looseness or tight- 
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noss of the spiral; and (4) by the re^nlarity or irrejrularity of the 
spiral. Usually the trielioines show deeided uniformity within the 
speeies, but occasionally certain triehonies are found showing varia- 
tion of a ])rofound and ])(‘rplexin«^ character. I^^j^indina major, for 
example, is usually to b(* distinguished from Sp. M rurt/hinUina Zanard., 
which approach(*s it closely in dimensions, by its ri'^riilar spiral, whi(*h 
is, however, lax in both sp(*cit‘s. From Sp. sabsalsa CKrst., Sp. major 
is to be distinj^uished hy its lax spiral, which is tij>:ht in iSp. sahsaha, 
A specimen from the warm salt watei*s of the K(*y llouti* pool in 
Oakland (Oardner, no. *T247) sliows tightly coiled and regular loosely 
coiled turns in the same trichoim*, setmiinfjjly bein*]^ ])artly Np* auijor 
and partly Sp. sah.wlsa. Such specimens throw doubt on the usual 
crite! ’a of species. 


2. Spirulina subsalsa f. oceanica \,Ch*onan) Oomont 

Triehonies forminj^ a thin blue-griMUi or yellowish f^rcen stratum 
on mud, or floatinj;^ amon<^ other alp:a(% Ip diam., twisted into a nearly 
straif^ht, rcjrular, tijrhtly coiled spiral. 

Growings in ])ools of brackish water. Whidb(*y Island, Washin^?- 
ton, and San Francisco Bay, California. 

Gomont, ]\rono{:ifr, dcs Oscill., 1892, p. 254, pi.- 7, 112 (189J1, 

p. 274, llepr.) ; 8etchell and Gardner, Alf'. N.W. Amer., 1908, p. 182; 
Collins, Holden, and Setchell, Pliyc. Bor.-Amer. (Exsicc.), no. 954. 
Oscillarm ocranica Crouan, Algucs marines du Finistere, no. t324 
(in part). 

The smaller form of the species is the only one which Inis occurred 
to us in our territory, but scM^ms typical and is probably widt^spn^ad 
in shallow pools of brackish water. 


SUBPAMILV 2. OSCILL ATOBIEAE roRTi 

Triehonies always simple, straight or at tiim s in a loosi^ more or 
less regular but not especially distinct spiral, destitute of a distinct 
sheath. 

Forti, in De-Toni, Syll. Alg., vol. 5, 1907, p. 147. 

We have followed Porti in the name and limits of this subfamily. 
It is decidedly more restricted than the subtribe Oscillarioideac of 
Gomont (1892, p. 95, 1893; p. 115, Repr.). 
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16. Oscillatoria Gomont 

Trichomes free, often forming into dense tangled masses, cylin- 
drical, without a sheath, or at times with a delicate, more or less 
mucous sheath, smooth or constricted at the partitions, not moiiiliform, 
straight or arcuat(‘, not spirally twisted ; apices straight or uncinate, 
more or less tapering, terminal cell of some species with thickened 
nH*mbrane. 

Gomont, Faut il dire Oscillatoria on Oscillaria, 1891, p. 273. 
Oscillatoria Vaueher, Hist, des Conferv., 1803, p. 165 (lim. mut.). 

Gomont (1891, p. 273) has apparently discussed the generic name 
and its relation to Oscillariu so thoroughly as to demand no especial 
eonsid(*ration hen^. As usc*d at present and gem^rally acceptc^d its 
limits are considerably changed from those proposed by Vaueher. 
The type of the genus seems clearly to be Oscillatoria princeps Vaueher 
(loe, cit.f p. 190) and the type locality (of this species) is Crevin, 
near Geiuwa, Switzerland. Of the other (‘lev(*n species assigned by 
Vaueher to this genus Gomont (1893, pp. 256-266, Repr.) lists nine 
as doubtful, and two, oin* each, to be ref(»rred to the gemTa Beggiatoa 
and Microcoleus respectively. 

OscUUitoria is a g(‘nus containing somewhat ovc*r one hundred 
recognized species, the great majority of which are inhabitants of 
fresh water or growing in moist situations. The species usually listed 
in a marine flora are largely, at least, to be found in brackish water 
and consiMpieiitly in the ]iools or other bodies of water in salt marshes. 
In such situations the water is warmed by the air and by the sun and 
is of d(‘cidedly higher temperature* than that of the adjacent ocean 
or larger body of strictly salt water. 

The species of Oscillatoria are to be distinguished from those of 
Phormiiliuni and of Lynghya by being destitute of a sheath and, in 
general, this method of distinguishing them is both certain and satis- 
factory. Certain species seemingly of Oscillatoria, however, show 
(or develop?) a sheath under certain circumstances (especially O. 
sancta and 0. Ihnosa) while the trichomes of Lynghya, and even more 
so those of Phormidium, escaping from the slieath, take on for . a time 
exactly the appearance of being trichomes of Oscillatoria, The naked 
triehoiiu's of certain species of Phormidium as well as those of Micro- 
coleus, not only imitate the appearance of trichomes of Oscillatoria 
but also possess the po\rer of movement characteristic of certain species 
of Oscillatoria, 
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Kky to the Species. 

1. Trichomes not attenuate at the apex 2 

1. Trichomes plainly attenuate at the apex (Attenuatae) 7 

2. Trichomes thick to very thick, cells very short 

(Principes' 1. O. limosa (p 7)0) 

2. Trichomes moderately thick to thick, cells short iMargaritiferae) 

2. Trichomes slender (not over 11/*) cells at least ’/;< as lonp; as broad to equally 

long (Aequales) iS 

3. Trichomes twisted into a regular spiral 2. O. Bonnemaisonii (p bO) 

3. Trichomes long, arcuate, at times straight 4 

4. Trichomes 17“29/* in diam 3. O. margaritifera (p bl) 

4. Trichomes b-11/* in diam 5 

5. On mud and rocks; trichomes straight 4. O. nigro-viridis (p b2) 

5. Epiphytic; trichomes flexuous f). O. Corallinae (p b2) 

6. Trichomes not torulose, 2 3/* in diam., disse|)inu‘nts obscure 

b. O. amphibia (p b3) 

b. Trichomes decidedly torulose, 2 3 4/* in diam., dissepiments pt'llucid ... . 

7. O. geminata (p b3) 

7. Trichomes more or less abruptly attenuate S 

7. Trichomes long and gradually attenuate 11. O. Okeni (p bb) 

8. Slightly or not at all con.stricted at the (Iksepiments . 0 

8. Not at all constricted at the dissepiments 10. O. brevis (p 05) 

9. Trichomes very slender, 3-5/* in diam 10 

9. Trichomc's coarser (8-13/* in diam.) 12. O. chalybea (p 07) 

10. Cells subquadrate, apical cells obtu.se or subacute . 8 . O. laetevirens (f) 04) 

10. (yells mostly longer than broad, rarely subcpiadrate, apical cell (piasi 
mucronatc 9. O. acuminata (p 05) 


Section 1. Prineipes Gomont 

Trichomes straij?ht, curved or spiral at or toward the upper cud, 
slightly, if at all, attenuated, apices obtuse; cells v(*ry short. 

Gomont, Monogr. d(‘s Oseill., 1892, p. 201 (1893, f). 221 Kepr.) 

1. Oscillatoria limosa Ag. 

1. Oscillatoria limosa Ag. 

Trichomes aeruginous or more or less oliv(* green, in ,a blackish- 
aeruginous layer, on drying often a steel-blue black, straight, on drying 
rigid and fragile, not at all torulose, 11-20/*, commonly 13-16/* thick, 
apices straight, slightly if at all attenuate, not capitate; cells 3-6 
times shorter than the diameter, 2-5/* long; dissepiments frc^piently 
granulate; apical cell convex above showing a slightly thiekened 
membrane. 

Chiefly in fresh water, but occasionally found floating in pools 
or ditches in salt marshes where the water is slightly brackish. Wh id- 
bey Island, Washington. 
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Aj'ardli, Disp. Alg. Slice., 1812, p. 35; Gomont, Monogr. des OseilL, 
1892, p. 210, pi. 6, fig. 13 (1893, p. 230, Ropr.) ; Setchell and Gardner, 
Alg. N.W. Amcr., 1903, p. 183. 

This species lias only a slight claim to being considered marine, at 
least so far as our t(*rritor 3 ^ is coucctikuI. It has occurred to us in the 
locality noted above, but it maj^ possibly be met with among 0 . nUjro- 
viridis, Lynyhya semi plena, speci(‘s of Mkrucolciis, etc., as it was 
in the \Vliidb(*y Island locality. It may be that young and naked 
triehomes of Lynyhya aestuarii may be mistak(*n for this species. 

Oscillatoria ornata (Kuetz.) Gomont has beiui credited to the 
marine? flora of our coast on the strength of a specimen distributed in 
the Phyc.otheca Roreali-Americaiia (no. 1604). There has been some 
con Fusion of specimens under this number, the locality being undoubt- 
edly correct, but the statement on the label roads: “Among GlndopJwra 
sp.,“ referring to another specimen collected at the same general 
locality. N(?ithcr specimen, however, shows, upon careful reexam- 
ination any filaments of 0 . ornata, and w(‘ seriously doubt the existence 
of 0. ornata at the locality mentioned. Our specimens under no. 1604 
Phycotheea Bor(*ali-Am(n*icana show two hormogonial spi'cies, viz., 
Ilydrocolcum lynyhyacenm Kuetz. and Microcolcus conjlucns S. and G. 


Section 2. Margaritiferae Gomont 

TriehoiiK's constantly torulosc, apex obtuse, scarcely attenuated, 
very long arcuate, rarely either straight or totally spiral; maritime 
speedes, diameter moderate to thick. 

Gomont, IMonogr. des Oscill., 1892, p. 202 (1893, p. 222, Repr.). 

2. O. Bonnemaisonii Crouan 

3. O. maryaritifera (Kuetz.) Gomont 

4. O. niyro-viridis Thwaites 

5. O. Corallinaa (Kuetz.) Gomont 

2. Oscillatoria Bonnemaisonii Crouan 

Triehomes usually intermixed with various other aquatic Myxo- 
phyceae, somewhat regularly or loosely twisted, very flexible, slightly 
torulosc, 18-36/x diam., dilute olive grt'en; apices not at all or only 
slightly tapering, ivith end wall of terminal cell convex and not 
thickened; cells 3-6/* long; protoplasm with fine granules uniformly 
distributed. 



1919] 


Sp.tchcll-Gardncr : Myxophycrac 


61 


Growing on niiicl in salt mai^slies and floating in pools of salt 
water. Puget Sound, Wasliiiigton, to central California. 

Crouan, in Dcsinaziores, PI. crypt, de Prance, 2 ser., no. 537, 1858 
(fide Gomont) ; Goiuont, Monogr. des Oscill., 1892, p. 215, pi. 6, figs. 
17, 18 (1893, p. 235, Repr.) ; Setehell and Gardner, Alg. N.W. Amer., 
1903, p. 183 (small fonn) ; Collin.s, Holden, and Setehell, Phye. Bor.- 
Amer. (Exsicc.), jio. 1707. 

According to Gomont (loc. cit,) this sj)ecies has a considerable 
variation in diamettT, viz., from 18/jt to 36/t, although not so great as 
that given for O. princeps, which is 16/a to 60/a (Gomont, 1892, p. 207). 
In general, no single collection shows any such variation in the 
diameter of the filaments and it seems ])ossible that there may be 
necessity for more careful study of th(»se seemingly polymorphous 
species. What s(‘(‘ms to be good (). Botutnnaisonii has occurn'd at 
Whidbey Island, Washington (cf. Setehell and Gardner, 1903, p. 183) 
and about San Francisco Bay, (■alifornia (ef. Phyc. Bor.-Ami‘r., nos. 
1707a, />, and d). 


3. Oscillatoria margaritifera (Kiudz.) Gomont 

Trichomes bright oli»^e green, forming dark agglomerated masses, 
or intcniiixed with other algae, very flexible, torulose, 17-29/a diam., 
straight, arcuat(‘ at the ends and slightly attenuate*, obtuse; length 
of cells 3-6/a; apical cell capitate, fiirinshed with a slightly convex 
calyptra; protoplasm with numerous large granules distributed along 
the cross walls. 

Growing on mud and in pools in .salt marshes. San Francisco Ihiy, 
California. 

Gomont, Monogr. d<*s Oscill., 1892, p. 161, pi. 6, fig. 19 (1893, 
p. 236, Repr.) ; Collins, Holden and Setehell, Phyc. Bor.-Amer. 
(Exsicc.), no. 1708. Oscillarm mar y aril if era Kuetzing, Tab. Phyc., 
vol. 1, 1846, p. 31, pi. 43, fig. 10. 

What seems to be this species has been encountered several times 
in the salt marshes about San Francisco Bay, California. The calyp- 
trate tip is well shown in our sp(*cimens. 

Under no. 1604 in Phycotheca Boreali-Americana this species is 
said to occur in the specimen distributed. We fail to find it in the 
specimens in our copies, there having been some confusion and mis- 
takes of identification as already indicated above under 0. ornata. 
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4. Oscillatoria nigro-viridis Thwaites 

Plants forming extensive dark olive green layers; trichomes olive 
green, of mod(?rate length, n(‘arly straight, fragile, torulose, 7-11/i 
diam., slightly curved at tlie extremities; apex slightly tapering; end 
c(?ll wall v(‘ry convf‘x, slightly thickened; cells 3-5/* long, with two 
rows of granules at the cross walls. 

({rowing in pools in salt marsh. Whidbey Island, Washington, 
and on the shor(*s of San Francisco Bay, California. 

Thwaites, in Harvey, Phyc. Brit., Synopsis, vol. 3, 1849, p. xxxix, 
no. 375, pi. 251, tig. A; (jlomont, Monogr. des Oseill., 1892, p. 217, pi. 6, 
fig. 20 (1893, p. 237, Repr.) ; Setchell and (iardner, Alg. N.W. Amer., 
1903, p. 183. 

This is anotluT more or l(‘ss puzzling species of the “Margariti- 
f(‘rae’' station, but certain specimens botli from Piigct Sound and 
from till* San Franci.sco Bay region seem ri‘ferabh* to it. There is 
some departure from the descriptions in sonn^ sf)cciinens. In filaments 
whose cells are actively dividing, the length of the cells may be as 
short as one-sixth as long as broad, but are jtiostly one-third the 
diam(*ti*r. The filaments an* mostly short arcuate in the California 
s[)ecimc‘ns, and while some filaments show distinctly the transverse 
rows of granules at the dissepiments, othei’s seem nearly, if jiot (piitc, 
to lack them. 


5. Oscillatoria Corallinae (Kuetz.) Ciomont 

Trichomes aggregated into a thin, dark, olive green stratum or 
intermixed with otlu'r small algae, aeruginous, densely intertwined, 
flexuous, torulose, 6-10/* diam., apices long and moderately arcuate, 
very slightly attenuate; cells 2-3 times shorter than the diameter, 
protoplast sometimes with sparsely scattered granules, not crowded 
at the cross walls; apical cell subcapitate, with slightly thickened 
convex terminal wall. 

Forming a thin stratum on rocks and on or among other small 
algae. Lands End, San Francisco, California, Gardner, no. 1634; 
Moss Beach, San Mateo County, California, Gardner, no. 2978; Pacific 
Grove, IVIonterey C^ounty, California, Setchell, no. 54902). 

Gomont, Essai Class Nost., 1890, p. 356 (in part), Monogr. des 
Oseill., 1892, p. 218, pi. 6, fig. 21( 1893, p. 238, Repr.). UMeinia 
Corallinae Kuetz., Sp. Alg., 1849a, p. 276. 



1919] 


Sctchell-Gardufr : Myxoph yccae 


63 


OsoilMori'a Corallinac rest^mblos the* otlior moiiibors of tbo same 
section of OscUkitorui, but it is smaller than any exee])t the last, from 
which it dilfers by not having ji:ranular dissepiments. Its general 
appearance is that of a very small 0. Banucniai^aini, but it is much 
smaller than even the most slender forms ref(*rn‘d to that speeies. 
It is usually, if not always, ej)iphylie. 

Seetion 3. Aecpiales (lomont 

Triehomes not {ittenuate above, straif^lit or areuatc*; cells at least 
one-third as lonj; as broad up to (‘<pially lonjr; sleiidi*!* speeies of not 
over lift in diameter; larj^(*ly fr(‘sh water. 

Goinont, Monojrr. des Oseill., lSi)2, p. 202 (1S93, p. 222, Ke])r.). 

6. O. amphihui A*jf. 

7. O. yctnniata xMeiu'f'h. 

6. Oscillatoria amphibia A^. 

Triehomes forniinj? a thin layer at the bottom of cpiiet water or 
floatinji: on the surface, color jiale copper acetjtte, straight or some- 
what contorted in a^e, fra<j:ih‘, not constriett'd at the partitions, 2-3/i 
diam. ; terminal cells not attenuate nor capitate, with outer cell wall 
rounded; cells 2-3 times as loiif^ as the diam(‘ter, up to H/x louf?; proto- 
plast homo»:eneous except with usually 2 t^rauult‘s at the dissei)iments 
which are obscure. 

Growiiif^ in pools in salt marshes, usually in com])any with other 
species of Oscillatoria, Puf'ct Sound, Washinji^ton and San Francisco 
Bay, California. 

Agardh, Aufzahlung, iu Flora, vol. 10, 1827, p. 632; Gomont, 
Monogr. des Oscill., 1892, p. 221, pi. 7, tigs. 4, 5 (1893, p. 241, Uepr.). 

Judging from the figures of Gomont {lov. cit,), OscilMoria am- 
phibUi does not show dissepiments uiitil the protoi)last.s an? dissolved 
out with strong acids. What se(*ms to bej this species, although in 
some cases varying slightly from it, has occurred to us in salt marshes. 
The species usually occurs in few or isolated filaments intermixed with 
other homocysted forms. 

7. Oscillatoria geminata JMenegh. 

Triehomes pale aeruginous color, matted together into a thin, 
sordid, yellowish green stratum, occasionally circinate, slightly fragile, 
constricted rather deeply at the dissepiments, 2.3-4fi diam., 2.3-16/4 
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lon^; protoplast with a few large, scattered, refringent granules; 
dissepiments conspicuous, non-granular, apical cell convex, calyptra 
none. 

Growing among other species of Oscillatoria in a salt water pond, 
B street, Oakland, California. 

Meneghini, Consp. Algol. Eugan., 1837, p. 9 ; Gomont, Monogr. dcs 
Oscill., 1892, p. 222 (1893, p. 242, Kepr.). 

The type specimens of O. (jeminata were from the thermal waters 
of tlu; Eiiganean springs, and what seems to be the same species or, 
at least, very close to it, occurs also in thermal waters in the Yellow- 
stone National Park. The brackish water specimens referred here 
have the cells sliort, yet within the proportions given. Otherwise they 
seem typical. They were mixed with Oscillatoria brevis var. neapoli- 
Inna (Kuetz.) Gomont. 


Section 4. Attenuatae Gomont 

Trichomes decidedly attenuate above, more or hiss acutely uncinate 
or flexuous, not definitely spiral (O. cJialybea at times excepted) ; 
ci‘lls longer or shorter than the diameter, never very short; plants 
commonly slender, not over 13/a thick, iniiabitants of fresh and thermal, 
more rarely of saline waters. 

Gomont, Monogr. des Oscillar., 1892, p. 203 (1893, p. 223, Repr.). 

8. 0. lavtevirem (Crouan) Gomont 

9. O, acuminata Gomont 

10. 0. brevis Kuetz. 

11. O. Okeni (Ag.) Gomont 

12. O. chalybea (Mert.) Gomont 

8. Oscillatoria laetevirens (Crouan) Gomont 

Trichomes associated into a delicate membrane of deep blue-green 
color, the single filaments being of a yellow-green color, straight, deli- 
cate, slightly constricted at the dissepiments, 3-5 /a diam. ; apices 
straight or uncinate, with the terminal cells obtuse or subacute ; cells 
2.5-5/i long ; protoplasm with fine, evenly'' distributed granules. 

Growing in salt marsh pools. San Francisco Bay, California. 

Gomont, Monogr. des Oscill., 1892, p. 226, pi. 7, fig. 11 (1893, 
p. 246, Repr.). Oscillatoria laeteuirem Crouan, Liste des algues 
marines Finistere, 1860, p. 371 (nomen nudum), FI. du Finist., 1867, 
p. 112 (descr.). 
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This species approaches O, hreris Kiietz. hut is soniewluit smaller, 
with proportionally loiifror cells and a different arraiif^ement of j?ran- 
ules. It never has the occasional swollen cells so fairly characteristic 
of 0. brevis. It is present in S(‘eniingly typical fcriu in salt marsh 
pools about San Francisco Bay. The plant from Whidbey Island, 
referred here with some doubt (cf. Setchell and Clardner, 190:1, p. 184), 
on further examination seems to be referable rather to (), btrvis var. 
neapolitanu. 


9. Oscillatoria acuminata Gomont 

Plate 1, fifr. 11 

Trichomes entwined in a dense thin layer of a verdif^ris color, 
delicate, straight, slightly constricted at the partiti(*ns, diam. ; 

a few apical cells attenuated to a sharp point, not un(*inate; hnigth 
of cells 5-8/*; protoplast finely granular, witli the granuh*s frcHiuently 
crowded at the diss(‘piments. 

Floating in warm salt water. Oakland, California. 

Gomont, Monogr. des Oscill., 1892, p. 227, ])1. 7, fig. 12 (1892, 
p. 247, Repr.) ; Collins, Holden and Setchell, Phyc. lior.-Amer. 
(Exsicc.), no. 1203. 

The type spc'cimen of Oscillatoriu acumimta was colh‘eted at tlu^ 
Euganean springs, but has since been reported from oth(‘r waters in 
several widely separated localities. Our sp(‘cimens from warm or 
almost hot pools of brackish waters agree too nearly with the descrip- 
tion and figures of Gomont to allow of separation. The plants dis- 
tributed under no. 1303 of the Phycotheca Boreal i- Americana, which 
are from the vicinity of hot salt watcu’s, have sliorter c(‘lls than tin* 
type. 


10. Oscillatoria brevis Kuetz. 

Filaments forming dense olive green layers or intermixed with 
other species of algae, of blue-green color, comparativ(4y short and 
straight, rather fragile, 4-6.5/* diam., not constricted at the dissepi- 
ments, briefly and subacutely attenuate, uncinate or slightly twisted; 
cells very short, 1.5-3/* long, with an occasional refringent torulose 
cell interspersed; protoplasm with small granules evenly dispersed 
throughout the cell. 

Growing among other algae in salt marsh pools. San Francisco 
Bay, California. 
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17. Phormidium Kuotz. 

Trichom(\s many single within a sheath, simple, frequently 

attenuate and uncinate at the apices; sheath distinct, hyaline, some- 
times mucous, more or less diffluent, in a few species obscure. 

Kuetzing, Phyc. Gen., 1843, p. 190. 

Kuetzing enumerated twenty-eight species under his genus Phor- 
midiiwi, not designating any particular one as the type. Certain 
species (about three) are not retained by Gomont, but most of them 
arc and there can be no question as to the main ideas of Kuetzing 
which have* been retained by Gomont. These are, first, the possession 
of sheaths less fiirni than those of Lynghya, and second, the diffluence 
and coalescing of these sheaths into a membrane or layer of jelly 
enclosing a large number of filaments. In some species admitted to 
the genus by Gomont there is little if any trace of a sheath. These 
species are api)roximate to Oscilhtoria, During the period, or stages, 
of hormogonial production, the hormogonia, or even whole trichomes, 
escape from the sheaths and enclosing jelly. In this’ stage they are 
(ixactly like the trichomes of Oscillatorm. 

The majority of the species of Phormidium are inhabitants of fresh 
water, but a few occur also in brackish water, while a very few are 
exclusively marine. 


Kky to the Species. 

1 . Trichomes dLstinctly torulose (Monilifonnia) 2 

1 . Trichomes rarely or scarcely tonilose (Euphonnidia) 3 


2. Trichomes attenuate at the apices, terminal cell acutely conical 

1. Ph. fragile (p 69) 

Trichomes not atton\iate at the apices, terminal cell swollen, subspherical 

2. Ph. honnoides (p 69) 

3. Apices of trichomes neither attenuate nor capitate 3. Ph. amhiguum (p 70) 

3. Apices of trichomes both attenuate and capitate 4 

4. Trichomes slightly and abruptly tapering at the apices, terminal cell 

rounded, calyptratt* 4. Ph. lucidum (p 71) 

4. Trichomes gradually tapering at the apices, terminal cell with depressed 
conical calyptra 5. Ph. Bul^embranaceam (p 71) 

Section 1. Monilifonnia Gomont 

Trichomes distinctly torulose, even moniliform in some eases, 
neither curved nor capitate at the apices. 

Oomont, Monogr. des Oscill., 1892, p. 159 (1893, p. 179, Repr.). 

1. Ph. fragile (Menegh.) Gomont 

2. Ph. hormoides S. and G. 
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1. Phormidium fragile (Meiiogli.) Goiuont 

Filainoiits forminof a thin yollowisli or dark blur-jrriTii stratum, at 
tim(‘S lanudlati*; trirhomcs moiv or h‘ss floxuous, brijrlit bluo-fi:n*(*ii, 
moniliform, diam.; apioos attenuato, ariito conical, witliout 

calyptra; protoplasm homojjcm'ous. 

8an Francisco Bay, California. 

(lonionl, Monofrr. dcs Oscill., 18})2, p. pi. 4, tif?s. BMf) 

(18J).‘l, p. 188, Hcpr.) ; Collins, ITohhMi and Sctchcll, Phyc. Bor.-AmcM*. 
(Exsi(!c.), no. J()09. Anabatna frayilLs' Mcncfifhini, Conspectus Alfi^ol. 
Eugan., 1887, p. 8. 

The type locality for this species is the thermal water of the 
Eujranean sprinj^s, but, as s(‘emiji«:ly often happci’.s, tlu^ species 
reappears in shallow bi^ackish waters. The specimens referred here 
agree with tli(‘ descri])tion of (lomont so far iis aggregation and 
diameter and torulosity of the trichome are concerned, but the 
tric;h([)m(*s are not so attenuatt* as that repri*sented on plate* 4, liguni 
14, but fully as much so as that re])n‘sented by tigure 15. It agn^es 
also witlj a specimen from Kiel eolh*ct(‘d by li(*inbold and di*te*rmined 
by Oomont. 


2, Phormidium hormoides S. and (I. 

Plate 0, fig. 23 

Filaments forming a thin, expanded, gelatinous stratum; tri- 
(diomes short, somewhat flexuous, moniliform, 2.4~2.7/i diam.; sheaths 
hyaline, ample gelatinous, confluent; cells (piadratc or subciuadratc, 
extremely constricted at tin* dissepiments, terminal cell larger, sub- 
spherical, end wall not thickened. 

Forming a thin layer on gbuss a(piaria of salt water from th(j 
Pacific Ocean. Physiological Laboratory, University of C'alifornia, 
Berkeley, Californ? i, 1905. 

Setchell and Gardrier, in Gardner, New Pae. (Joast Alg. Ill, 19J8rx, 
p. 467, pi. 40, fig. 23. 

rhormidhnn hormoides is very closely related to Ph, foveolarum 
(Mont.) Gomont, which was found growing in small pits in calcareous 
rock on the coast of France, and from which it differs in habitat, in 
the size of the filament and in the shape of the terminal cell. The 
filaments as viewed under the microscope are not uniformly dis- 
tributed in the stratum but seem to have a tendency to aggregate into 
fascicles which anastomose freely, giving the stratum somewhat the 
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appearance of a very delicate net, although many short filaments crawl 
out into the interstices. 

In the specimen collected, Phomiidium hormoides is mixed with 
another undetermined filamentous species of Myxophyceae, about 0.8/x 
diam., with cylindrical cells longer than the diameter and with con- 
spicuous cross walls. 

Ph. hormoides has some resemblance to the young filaments of a 
very delicate species of Anahaena on account of the pronounced moni- 
liform trichomes, but there is no indication of heterocysts or spores. 


Section 2. Euphormidia Gomont 

Trichomes rarely or scarcely torulose, straight or curved at the 
apices, in many species capitate. 

Gomont, Monogr. des. OscilL, 1892, p. 1.59 (1893, p. 179, Repr.). 

3. Ph. amhigunm Gomont 

4. Ph. lucidum (Ag.) Kuetz. 

5. Ph. submembranaceum (Ard* and 

Straff.) Gomont 

3. Phormidium ajnbiguum Gomont 

Stratum more or less expanded, dark or yellowish green or at times 
aeruginous, filaments long and flexuous ; sheath either firm or mucous 
and diffluent, somewhat thick and lamellate; trichomes aeruginous, 
slightly constricted at the dissepiments, 4-6/i diam.; cells one-fourth 
the diameter long, occasionally granular at the cross walls; apices 
neither attenuate nor capitate ; terminal membrane slightly thickened. 

Growing on wood and on stones in the upper littoral belt. Bridge 
across an estuary to Bay Farm Island, Alameda, California, Septem- 
ber, 1903. 

Gomont, Monogr. des Oscill., 1892, p. 178, pi. 5, fig. 10 (1893, 
p. 198, Repr.). 

We are inclined to refer to Phormidium ambiguum a specimen 
collected in Alameda, California, which forms a distinct dark green 
layer, with sheaths fairly thick, firm and distinct, but only slightly, 
if at all, stratified. The cells are very short (only 1.5/x at times) and 
there are no granules on the dissepiments. The apical cell is rounded 
or even, at times, almost conical, with a very slightly thickened mem- 
brane. 
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4. Phormidium lucidnm (Ag.) Kuetz. 

Plate 1, fig. 4 

Trichomes briglit bluc-groon, floating separately while in the free 
motile stage, later forming dense entangled floeenlent masses of dull 
blue-green color, attached to soil along the margin of a pond or float- 
ing, slightly but definitely constricted at the joints, 7-8jLt diam. ; 
sheaths quite mucous and more or less diffluent, apices straight, very 
slightly tapering; cells 2-2 5/4 long; end cell rounded, calyptrate and 
with thickened end walls ; protoplast with two layers of fine granules 
at the cross walls. 

r owing in warm salt water. Oakland, California. 

Kuetzing, Phyc. Gen., 1843, p. 194; Gomont, Monogr. des Oscill., 
1892, p. 179, pi. 5, figs. 11, 12 (1893, p. 199, Repr.). OscilMoria 
lucida Agardh, Aufzilhlung, in Flora, vol. 10, 1827, p. 633. 

The type of Phormidium Inculum is credited to Carlsbad and as 
having grown on walls exposed, at least intcTmittently, to steam. 
The specimens referred to tlie species from our coast grew in warm 
salt water in the Key Route p(K>l at Oakland, California, and are per- 
haps rather thermal than marine. The speci(*s also lias been found 
in a salt marsh n(*ar the Key Route pool, in shallow ditches made 
warm by the sun. The description given above has been framed 
to fit our plant, but dilfers from that of Gomont only in the matter 
of color and thickness of the layer. In ours the color is bright blue 
and the layer thin. In Ixith these respects no. 127 of Kuetzing ’s 
Decades (Oscillaria lucens Kuetz.), which Gomont has cited as gennin(^ 
Ph. lucidnm, agrees fairly well with our plants. 


5. Phormidium submembranaceum (Ard. and Straff.) Gomont? 

Stratum membranaceous, coriaceus, dark green, trichomes without 
sheath, embedded in an amorphous mucus, constricted at the joints, 
5/4 diam. ; apices of trichomes straight, long and gradually tapering, 
capitate; cells 4-10/4 long; terminal cell provided with a depressed 
conical calyptra ; protoplasm homogeneous. 

Upper littoral belt. San Francisco Bay, California. 

Gomont, Monogr. des Oscill., 1892, p. 180, pi. 5, fig. 13 (1893, 
p. 200, Repr.) ; Collins, Holden and Setehell, Phyc. Bor.-Amer. 
(Exsicc.), no. 1162. OsoUlaria suhniemhrwiacea Ardissone and Straf- 
forello, Enumer. d. Alg. di Lig., 1877, p. 66. 
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This species is one of the truly marine species, the type locality 
being Porto Maurizio in Liguria on the northwestern coast of Italy. 
The plants from Alam(‘da, on San Francisco Bay, formed a layer on 
the wall of the buttress of a bridge. In habit, diameter of trichomes, 
and prof)ortion of cells our plant corresponds with Gomont’s descrip- 
tion. The trichomes, however, are not so gradually attenuated, not 
quit(j so capitate?, and not quite so constricted at the dissepiments as 
Gomont’s figure indicates. In the absence of opportunity of con- 
sulting either the type? or an authentic spe*cimen, it see^ms best to 
refer our spe-einiens provisionally to this spe*eie^s. 

18. Lyngbya Ag. 

Filanie'iits with a sheath, sinqde, cither free or aggregated into 
dense, flexicose, caespitose or pannose masses, attached or free-float- 
ing; she‘ath thin and homoge?neons or thick and at times lamellate, 
either hyaline or of a sordid yellow or brown color; trichome not con- 
strictenl at the? disse?pime*nts, ne)t tapering, or only slightly so at the 
apex, terminal coll wall often thickened. 

Agardh, Syst. Alg., 1824, p. xxv. 

The genus Lynghya is usually given as having been described by 
Vu A. Agardh in 1824 (Syst. Alg., p. xxv, p. 73), but Pfeiffer (1874, 
p. 184) give»s the date 1820, viz., the Aphorismi botanici (p. 98). The 
name? Lyngbyn is given in the Aphorismi (D. VII, p. 98) a.s contain- 
ing thirteen species but without description or synemymy. Pfeiffer 
also refers with doubt to C. A. Agardh ’s Species Algarum, I, giving 
the date? jis 1820 and not quoting a page number. The Species Algarum 
is dated 1820 to 1828, and in no part of it do we find reference to 
Lyngbya, In 1824 C. A. Agardh referred sewen species and three 
varieties to Lyngbya, Of these Gomoiit identifies four as either 
wholly or in part Lyngbya in the proper sense, four as “species 
inquirendae,” and the remaining two as wholly made up of other 
things. As now established, Lyngbya contains about sixty species, 
largely marine. 

Kky to the Species. 

1. Filamcntj? caespitose?, fixed (epiphytic) at the center and free at both ends 

(Leibleinia) 2 

1. Filaments not cac^ipitose, free or with attached base (Enlynfbya) 4 

2. Illamcnts spirally twisted about other filamentous algae 

2. L. eidphytica (p 74) 


2. Filaments not spirally twisted 3 

3. Trichomes 5-8ft thick 1. L. gradlia ip 73) 
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3. Trichomes \ .h~2p thick 3. L. Willei (p 74) 

4. Sheaths finally yellow brow'ii 4. L. aestiisrii (p 7fi) 

4. Sheaths always hyaline fi 

fi. Trichomes 9-25/i thick, apices never attenuate-capitate 

T). L. confervoides (p 77) 

5. Trichomes 5-12/4. thick, apic('s often attenuate-capitate . ^ L. semiplena (p 7S) 

Section 1. Leibleinia (Kiielz.) (loniont 

Filaments eaospitose, fixed when submerjred, attached by the cen- 
tral portion and intertwined, erect at both ends; sheaths thin, hyaline, 
not evidently lamellate; trichomes not attemiated at the apices; marine 
species of the aspt'ct of Caluthrix. 

Gomont, Essai (Uass. Nost. Horn., 18J)(), p. 3r)4; Knetzinfj:, Phyc. 
Gen., 1843, p. 221 (as {^enus, char. mut. et sp. exel.). 

T. j species referred to the subf^enns Jjciblflnm are ejiiphytie, 
attachi'd at tin* middle and fna* at both ends. Tiny se(*m to be wholly 

marine. . . /m i \ i 

1. L. (jracuia (]Meneji:h.) nab. 

2. L, rplphijficu Jlieron. 

3. Jj. WUlei H. and G. 

1. Lyngbya gracilis (Mem*gh.) Eab. 

Tufts extended, dense, floccose, slippery, ])urph' viol(‘t, often losinjjf 
color on dryiiifz: and becoininjr dirty y‘‘llow, up to 1.5 cm. high; fila- 
ments elongated, flexible, angularly Hexuous; sheath thin, smooth, does 
not turn blue with chlor-zine iodine; trichom(‘s rose-red, tonilose (in 
dried specimens), 5-8/i thick, not attmiuated at the apices; cells quad- 
rate or twice shorter than the diameter, 2.8-4.6/I long; protoplast 
finely granulate; apical cell rounded, with the membrane slightly 
thickened above. 

On Chiietonwrplui arrra in pool, Pacific B(*ach, soutln^rn California. 
Mrs. M. S. Snyder. 

Rabenhorst, FI. Ewr. Alg. II, 1865, p. 145; Gomont, Monogr. des 
Oscill., 1892, p. 124 (1893, p. 144, Repr.) ; Gollins, Holden and 
Setchell, Phyc. Bor.-Ann^r. (Exsicc.), no. 853. LvihUinia (jraciLis 
Meneghini, Alg. Spec. Nov., 1844, p. 304 {fide Gomont). 

The only specimen known to us is that mentioned above, dis- 
tributed as no. 853, in the Phycotheca Boreali-Americana. It is cer- 
tainly of the subgenus Leibleinia and seems to be very close to L, 
gracilis so lar as answering to the description is concerned. The 
determination is by Frank S. Collins. It is accompanied by other 
epiphytes. 



74 


University of CdUfomia Publications in Botmiy [Vol. 8 


2. Lyngbya epiphytica llieron. 

Filaments adhering firmly to the surface of other filamentous 
algae, often regularly, spirally twisted around them, commonly having 
the ends free ; trichomcs aeniginous ; cells l-l.S/i diam., 2/* long with 
non-graiiular protoplasts; sheath very thin, hyaline; terminal cell 
not attenuate and neither capitate nor calyptrate. 

Growing on Lyngbya confcrvoides Ag. in tide pools along high-tide 
level. Cann(‘l Bay, Monterey Count}% California. 

Hieronymus, in Kirchner, in Bngler and Prantl, Natiirl. Pflanzen- 
fam., 1898, p. 67 (nomcn nudum) ; Lcmmermann, Plankton, schwed. 
Gewiisser., 1903, p. 103, pi. 1, fig. 10; Collins, Holden and Setchell, 
Phyc. Bor.-Amer. (Exsicc.), no. 2206. 

This is one of the most curious members of the genus, growing 
tightly coiled about other filamentous algae, first found by Hierony- 
mus at Berlin growing on Oedoganium and T olypothrix, and later by 
Lemmermann who had it from a garden pond in Strbmsberg in 
Sweden. It is also given as occurring in a lagoon on Chatham Island. 
It is curious to find it so far away from its type locality, but our 
plant seems to fit the description and figure most exactly. 

3. Lyngbya Willei S. and G. 

Filaments epiphytic on larger algae, either attached at one end 
with the other end free or attached in the middle with both ends free, 
solitary or aggregated into small caespitose masses; sheath very deli- 
cate, hyaline, adhering closely; trichomes pale blue-green or grayish 
green, tonilase, 1.5-2/x diam.; cells quadrate or one-half the diameter 
long; apices not attenuate and neither capitate nor calyptrate; ter- 
minal cell wall convex, not thickened; protoplasm homogeneous. 

Growing on Rhizoclonium riparium var. polyrhizum Rosenv. Near 
the mouth of Tomales Bay, Marin County, California. August, 1916. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. HI, 191 8tt, 
j). 468. Lyngbya cpiphytwa Wille, Algol Notizen XXII-XXIV, 1913, 
pp. 22-25, pi. 1, figs. 14-17 (not Hieronjunus) . 

The type, Lyngbya epiphytica Wille, was discovered on the coast 
of Norway at Trondhjem, growing on Rhizoclonium hieroglyphicum 
(Ag.) Kuetz. What seems to be exactly the same plant has been 
detected on the coast of California growing on Rhizoclonium riparium 
var. polyrhizum Rosenv. The latter species was distributed .under 
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no. 2238(1 of the Phyeothoca Boreali-Americaiia. The epiphyte is 
rather sparsely represented on oiir material of Bhizocloniinn, The 
identification was made after the distribution of the Rhizoclomnm 
and lienee is not certainly known to be represented in all of the speci- 
mens of the distribution. 

The specific name, cpiphytica, having: already been occupied by 
Hieronymus (1898, p. 67) to desigjnate a small, unicpie spt'cies coiling 
around the filaments of largiT Myxophj'ceae, it became necessary to 
rename the species of the Lelhlehua type found later by Wille, and 
the species was coiJsi*(pieiitly dedicated to him. 


Subgeiius 2. Eul3nigbya Gomont 

h ilaments intertwined into a fioccose or woolly expanded mass or 
tufted with attached base, or even floating free; sheaths, as tiny 
become older, often thick and lamellate, at times yellowish brown; 
trichomes sometimes attenuate at the apices; marine, fn^sh wat(*r or 
thermal species, found on rocks, but verj" rarely epiphytic. 

Gom(nit, Essai Class. Nost. Horn., 1890, p. 354. 

4. L, acfitmrii (M(^rt.) Jjiebm. 

5. L, confcrvoidcs Ag. 

6. L, scmiplena (Ag.) J. Ag. 

4. Lyngbya aestuarii (Mert.) Lic^bm. 

Filaments forming dense, dark i.livc gr(K*n or blue-green strata on 
mud, or more or less fioccose floating masses, elongaU*d, vc^ry fl(^xuous, 
densely interwoven, occasionally false-branched ; sheath at first hyaline, 
thin, smooth, increasing in thickness with age, becoming rough, lamel- 
late, or of yellowish or brownish color; trichomes blue-green or olive 
green, not constricted at the dissepiments; apices sightly attenuate, 
capitate, with slightly thickened end wall, rarely subacute, conical, 
8-24/x diani., length of cells up to six times shorter than the diameter, 
2.7-5.6ft long; protoplasm finely granular, usually with a layer of 
granules at the cross walls. 

P"loating in lagoons and pools of salt and brackish water, probably 
along the entire coast from Puget Sound southward. 

Liebman, Bomark. tillag danskc Algenflora, 1841, p. 492. Com- 
ferva nesltuirii Mertens, in Jurgens, Algae aqiiaticae. Decas II, no. 8, 
1816 {fide Gomont). 
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Ly 7 i(jhya aesinarii, as commonly understood, is a widespread and, 
to some extent, polymorphous species, yet generally readily recognized 
in a normal form. It occurs in shallow ditches and pools of brackish 
water all over the world except in the polar regions. It varies con- 
siderably as to the color and stratification of the sheath as well as in 
habit. 

Jjyngbya aestuarii is proj)crly a species of the tropical (or at least 
warmer) waters and is an excellent example of how such a species 
may invade zones of cooler waters, by finding in shallow pools and 
ditches waters wanned by the sun to the temperature favorable to 
their growth and reproduction. 

The following fonns have been detected on our coast : 

Lyngbya aestuarii f. aeruginosa (Ag.) Wolle 

Plate 1, fig. 10 

Plant mass pale blue-green; sheaths moderately thin, hyaline. 

Floating in lagoons, salt water. Whidbey Island, Washington, 
and probably common in similar habitats along the Pacific Coast to 
the south. 

Wolle, m Wittrock and Nordstedt, Alg. Aq. Dulc., no. 282; Setchell 
and Gardner, Alg. N.W. Amer., 1903, p. 187 ; Gomont, Monogr. des 
Oscill., 1892, p. 130 (1893, p. 150, Repr.) ; Collins, Holden and Setchell, 
Phyc. Bor.-Amer. (Exsicc.), no. 902. Lyngbya aeruginosa Agardh, 
Syst. Alg., 1824, p. 74. 

Lyngbya aestuarii f. ferruginea Gomont 

Plants forming dense floating masses, of dark or ferruginous color ; 
sheaths thick, lamellate, deep yellowish brown color. 

Floating in pools, salt marsh, Whidbey Island, Washington. 

Gomont, Monogr. des Oscill., 1892, p. 130 (1893, p. 150, Repr.) ; 
Setchell and Gardner, Alg. N.W. Amer., 1903, p. 187. 

L3nigbya aestuarii f. limicola Gomont 

Plants inhabiting moist soil, occasionally inundated, forming 
rather thin compact strata; filaments closely interwoven and very 
tortuous. 

Growing on mud in salt marsh, Whidbey Island, Washington. 

Gomont, Monogr. des Oscill., 1892, p. 129 (1893, p. 149, Repr.) ; 
Setchell and Gardner, Alg. N.W. Amer., 1903, p. 186; Collins, Holden 
and Setchell, Phyc. Bor.-Amer. (Exsicc.), no. 903. 
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Lyngbya aestuarii f. natans Gomont 

Plato 1, figi. 15 

Plants at first forming layers on the mud at the bottom of salt 
marsh pools, later floating; filaments elongated, flexoous or nearly 
straight and loosely intertwined. 

Floating in pools, salt marsh, Whidbey Island, Washington. 

Gomont, Monogr. des Oseill., 1892, p. 129 (1893, p. 149, Repr.), 
Setchell and Gardner, Alg. N.W. Amer., 1903, p. 187 ; Collins, Holden 
and Setehell, Phye. Bor.-Amer. (Exsiee.), no. 904. 

Lyngbya aestuarii f. spectabilis (Thur.) Gomont 

Sheaths up to 14/1 thick, h3’^aline on the exterior, changing to jn*!- 
lowish golden color on the interior. 

Growing in salt marsh, Whidbey Island, Washington. 

Gomont, Monogr. dt's Oseill., 1892, p. 130 (1893, p. 150, Repr.) ; 
Setchell and Gardner, Alg. N.W. Amer., 1903, p. 187. Lynybya 
spectabilis Thuret, in Holmes and Batters, Rev. List Brit. Mar. Alg., 
1890, p. 68 {fide Gomont, loc. cit,), 

5. Lyngbya confervoides Ag. 

Filaments attached, eacspitose, at times twisted into small, rope- 
like fascicles, mucous, 1-5 cm. high, dark olive green or 3H41owish 
brown with age; sheath hyaline, homogeneous or slightly lamellate, 
more or less roughened on the surface, 3.5-5/* thick; trichomes olive 
green or aeruginous, not constricted at the dissepiments, not attenuate, 
9-25/*, usually 10-16/* diam., cells 2-8 times shorter than the diameter; 
dissepiments generallj" granular; terminal cell wall convex, not 
thickened. 

Growing in shallow rock pools along high-tidc level. Central 
California. 

Agardh, Sp. Alg., 1824, p. 73 ; Gomont, Monogr. des Oseill., 1892, 
p. 136 (1893, p. 156, Repr.) ; Collins, Holden and Setchell, Phyc. 
Bor.-Amer. (Bxsicc.), no. 2206, as the host of Lyngbya epiphytica 
Hieron. 

The type locality for the species is Cadiz, Spain, but it is generally 
recognized as occurring in the warmer water all over the globe. Thus 
far it has been found only on the central coast of California, but is 
probably of wider distribution. The specimen distributed under 
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no. 2206 of the Phycotheca Boreali- Americana agrees with the descrip- 
tion, but is twisted above into a rope-like strand. It is also infested 
with Lyngbya epiphytica Hieron. 

6. Lyngbya semiplena (Ag.) J. Ag. 

Plant mass caespitose, mucous, about 3 cm. high, dull yellowish 
green, sometimes becoming dark violet on drying ; filaments ascending 
from a decumbent, entangled base, flexuous; sheaths hyaline, sub- 
mucous, lamellate with age, 3 /a thick; trichomes blue-green or yellow- 
ish green, slightly attenuate at the apices, capitate, not constricted at 
the joints, 5-12/a diam. (commonly 7-10/a), cells 2-3/a long, with 
granules at the cross walls; apical cell provided with a depressed, 
conical calyptra. 

Growing on rocks and on mud in the littoral belt. Puget Sound, 
Washington and San Diego County, California. 

J. Agardh, Alg. Mar. Medit. et Adriat., 1842, p. 11; Gomont, 
Monogr. des. Oscill., 1892, p. 138 (1893, p. 158, Repr.) ; Collins, Holden 
and Setchell, Phyc. Bor.-Amcr. (Exsicc.), no. 1905; Setchcll and 
Gardner, Alg. N.W. Amer., 1903, p. 187. Calothrix semiplena Agardh, 
Aufziihlung, etc., in Flora, vol. 10, 1827, p. 634. 

The type locality is Trieste at the upper end of the Adriatic Sea, 
wlmre it was found on rocks at the upper limits of the littoral bdt. 
As now recognized it is of wide distribution. It boars a close resem- 
blance to Lyngbya aestuarii especially to the narrower forms with 
hyaline sheaths. Our specimens agree well with descriptions and 
published specimens. 


19. Flectonema Thuret 

Trichomes provided with sheaths, with false lateral branching in 
pairs or singly, caused by rapid growth in certain regions in the fila- 
ments rupturing the sheaths, frequently constricted at the joints; 
apices straight, rarely tapering, without calyptra; sheaths hyaline, or 
rarely colored. 

Thuret, Essai Class. Nost., 1875, pp. 375, 379. 

Thuret names Flectonema mirabile (Dillw.) Thuret first, and this 
may be taken as the type of the genus. He also includes P. tenue 
Thuret as the second member of the genus. Thuret (loc. cit.) places 
Flectonema between Symploca and Lyngbya^ on the one side, and 
Scytonema and Tolypothrix, on the other. Gomont (1890, p. 5) places 
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it in his siibtribe Lyngbyeae, next to Lynghya. Hansgirg (1892, 
p. 39) places it near Tolypothrix and Scytonema. In this he is fal- 
lowed by Kirchner (1898, pp. 77, 78) and Porti (1907, p. 488). West 
(1916, p. 43), however, follows Gomont. Since occasional false 
branching is known in Symploca and even rarely in Lynghya, and 
since some species of Plectanerna have few branches and none of them 
have heteroeysts, it seems best to place tliis genus as has been done 
by Gomont and West. 

Key to the Species. 

1. Layer blackish or brownish green, trichomes 2-3.5/* thick 

1. P. Battersii (p 79) 

1. Layer rose colored or reddish brown, trichomes 1.2-2/* thick 

2. P. Golenkinianum (p 80) 

1. Plectonema Battersii Gomont 
Plate 1, fig. 1 

Filaments forming a black or dark green stratum, elongated, flex- 
uous, abundantly and repeatedly false-branched; branch(‘S usually in 
pairs and smaller than the primary filaments; sheath hyaline, thick- 
ened slightly in the primary filaments; trichomes pale blue-green, 
torulose, 2-3.5/* diam., with long and gradually tapering apices; the 
older trichomes often very densely contorted within the sheath; cells 
up to four times shorter than the diameter, with homogeneous con- 
tents; apical cell rounded. 

Growing on rocks near high-tide limit. Golden Gate, San Fran- 
cisco, California. 

Gomont, Sur quelq. Oscill. nouv., 1899, p. 36 ; Collins, Holden and 
Setchell, Phyc. Bor.-Amer. (Exsicc.), no. 1712. 

The two members of the genus Plectonema credited to our coast 
were found in the same locality and it is difficult at times to separate 
them. Plectonema Battersii, as represented in no. 1712 of the Phyco- 
theca Boreal i- Americana, has slightly thicker trichomes and is de- 
scribed as forming a black or brownish green layer. Unfortunately 
the color of our specimens is not, at present, discernible. The branch- 
ing in our specimens, while present, is not plentiful. But this species 
and the next twine about other filamentous Myxophyceae and then 
stream outward. The branching seems more common in younger speci- 
mens and toward the base of the cluster of entangled filaments. This 
is shown in specimens from the same locality but of another collection 
than that distributed. 
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2. Plectonema Oolenkinianum Gomont 

Rose colored or reddish yellow, forming an expanded layer on 
rocks, or distributed among other algae ; filaments intricate, elongated, 
flexuous, repeatedly false branched; false branching in pairs, very 
evident, smaller than the primary filaments, subflagelliforra, sheath 
hyaline, somewhat thickened ; trichomes rose colored, with short articu- 
lations, torulose, 1.2-2/a diam., articulations up to three times shorter; 
protoplasm homogeneous ; apical cell rounded. 

Growing on rocks near high-tide limit. Golden Gate, San Fran- 
cisco, California. 

Gomont, Sur quelq. Oscill. nouv., 1899, p. 35, pi. 1, fig. 11; Collins, 
Holden and Setchell, Phyc. Bor.-Amer. (Exsicc.), no. 1713. 

The specimen distributed under no. 1713 of the Phycotheca Boreali- 
Americana shows no trace of rose or rosy brown color, but the fila- 
ments are more slender than those of P. Hattersii as issued under 
no. 1712 of the same distribution. No branching has been made out 
with certainty but in other respects the plant rescimbles closely the 
specimens under no. 603 of the Phycotheca Boreal i- Americana, dupli- 
cates of which were determined by Gomont. 


20. Symploca Kuetz. 

Filaments loosely attached at the base, forming prostrate or erect, 
pointed, dense fascicles; trichomes single within a sheath, sparingly 
false branched, straight at the apices, branches solitary; sheaths thin, 
hyaline, firm or slightly mucous. 

Kuetzing, Phyc. Gen., 1843, p. 201, Phyc. germ., 1845, p. 167 
(as Synplocaf” orthographic error) ; Sp. Alg,, 1849a, p. 270 (cor- 
rected to Symploca*^). 

The original spelling of the name of this species was Synploca*^ 
(cf. Kuetzing, 1843 and 1845, as noted above). This was undoubtedly 
an orthographic error and was changed by Kuetzing himself to ^*8ym- 
ploca^^ in 1849 {loc, cit,) Originally seven species were referred to 
it, of which four still remain, two are doubtful, and one is now assigned 
to Schkothrix {8ch, Fri-esii (Ag.) Gomont). The type may be con- 
sidered to be 8ymploc4i muralis Kuetz. There are twenty-six additional 
species referred to the genus, at present, by far the greater number 
being terrestrial or of fresh water. Certain species are distinctly and 
exclusively marine. 
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Species of Symploca may usually be readily recognized by their 
habit of occurring in more or less extended layers with the filaments 
at first prostrate, but soon forming erect fascicles which give the sur- 
face the effect of being covered by more or less crowded tooth-like 
tufts. In certain stages, however, and even under certain conditions, 
these fascicles are not formed. In such cases it may be difficult to 
distinguish the species from those of Phomhidium. The symplocoid 
habit is also found in certain species of Schizothrix, Scytoncriva, and 
CalothriXf and one of us (W. A. S.) has found, particularly among 
thermal algae, undoubted species of Phorniidium assuming a symplo- 
coid habit under certain conditions. 


Key to the Species. 

1. Apical cell rounded, not calyptratc 2 

1. Apical cell convex, calyptratc 3. S. aerufldnosa (p 83) 

2. Apical coll slightly swollen, trichomes G -8/a thick 1. S. hydnoidea (p 81) 


2. Apical cell not at all swollen, trichomes 3-3 . 5/Jt thick 

2. S. funicularia (p 82) 

1. Symploca hydnoides Kuetz. 

Plate 1, figs. 12, 13 

Filaments forming erect, sordid, or dark blue-green, sharply 
pointed fascicles, 1-2 cm. high, in age often discolored at the base, 
sparingly false branched; sheaths thin, slightly mucous; trichomes 
blue-green, 6-8fi diam., slightly torulose near the apex; length of cells 
variable, 5-14/x long; protoplasm filled with large granules, par- 
ticularly near the cross walls; apical cell slightly infiated, without 
calyptra. 

Growing on logs in the littoral belt. Whidbey Island, Washington. 

Kuetzing, Sp. Alg., 1849a, p. 272; Gornont, Monogr. dcs Oscill., 
1892, p. 107, pi. 2, figs. 1-4 (1893, p. 126, Repr.) ; Setchell and 
Gardner, Alg. N.W. Amer., 1903, p. 188 ; Collins, Holden and Setchell, 
Phyc. Bor. -Amer. (Exsicc.), no. 905 (under var. genuina Gornont). 

We have retained the name Symploca hydnoides for this species, 
since this was the final decision of Gornont. We note, however, that 
Gornont (loc, cit,, p. 108; p. 129 of Repr.) states that the first name 
given to this species was Blennothrix elegans Kuetz. (1845, p. 181) 
and that this was referred by Kuetzing later (1849a, p. 272) to 
Symploca as S, degans. In the same account (1849a, p. 270), how- 
ever, occurs also a description of the earlier Symploca elegems Kuetz. 
described in 1843 (p. 201). In the Tabulae Phycologicae (vol. 1, 
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p. 44, volume dated 1846-1849, this part certainly, then, of 1849) 
Kuetzing rectifies his error, bestowing on this species the new name 
of Symploca pulchra. It seems that this last name ought to have been 
chosen by Gomont for the species, since, according to Bornet and 
Flahault (1886, p. 356) the Calothrix hydnoides of Harvey (in 
Hooker, 1833, p. 368), upon which Kuetzing founded Symploca 
hydnoides, is referred to Calothrix pulvinata (Mert.) Ag., but without 
indication as to tliis opinion being borne out by examination of the 
type or other authentic specimen. 

The inclusion of Symploca hydnoides among our Pacific Coast 
algae rests upon a single specimen distributed under lio. 905 of the 
Phycotheca Borcali-Americana. This seems too close to the descrip- 
tion and too nearly in agreement with other distributed specimens to 
be safely separated, but tlic trichomes arc somewhat slender, even for 
var. genuina Gomont and the dissepiments are usually obscure. It 
may possibly prove to be an undescribed species. 


2. Symploca funicularis S. and G. 

Plato 7, fig. 29 

Filaments twist(»d into fine anastomosing rope-lik(^ fascicles 3-4 mm. 
higli; trichomes aeruginous, slightly torulose, 4.5-5. 5/^ diam., cells 
quadrate or up to two times as long as the diameter, 5-8/x long; sheath 
hyaline, gelatinous, and diffluent in the fascicles; terminal cell slightly 
long(?r, convex, with small convex calyptra. 

Growing on moist soil and on other plants in a salt marsh. Bay 
Farm Island, near Alameda, California. 

Sctchell and Gardner, in Gardner, New Pac. Coast Alg. Ill, 1918a, 
p. 469, pi. 41, fig. 29. Sipnploca atlantica Collins, Holden and Setchell, 
Phyc. Bor.-Amer. (Exsicc.), no. 1356 (not of Gomont). 

S, funicularis differs from S, atlmitica in having a somewhat dif- 
fluent slieath, in having the filaments often tightly twisted into rope- 
like threads, in having smaller trichomes, less torulose, and with slightly 
longer cells; and particularly in the character of the terminal cell, 
which has a small, depressed, convex calyptra covering only about 
one-third of the end cell, instead of being “depressed conicaP^ as is 
the case of S, atlantica as described and figured by Gomont (1892, 
p. 109, pi. 2, fig. 5; p. 129, Repr.). 
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3. Symploca aeruginosa S. and G. 

Filaments 4-4.5/* diam., forming an aeruginous stratum of erect, 
loose fascicles, 1 mm. high ; trichomes decidedly torulose, 3-3.5/* diam. ; 
cells quadrate, terminal cell much rounded, neither capitate nor 
calyptrate; protoplast homogeneous, pale aeruginous, dissepiments 
obscure ; sheath very thin, colorless, close, at first smooth, later becom- 
ing roughened on the outside. 

Growing on mud covered rocks, near the upper-tide limit. St. 
Michael, Alaska. 

Setchell and Gardner, m Gardner, New Pac. Coast Alg. Ill, 1918<i, 
p. 469. Symploca lacteviridis Setchell and Gardner, Alg. N.W. Amer., 
1903, p. 188 (not of Gomont). 

In the Algae of Northwestern America the plant described above 
was referred to Symploca Imtevlridis Gomont with the statement that 
‘‘it c(*rtainly seems strange to find a plant, hitherto known only from 
the tropical locality of Key West, so far north. Since then we have 
been ablCjj through the kindness of Professor W. G. Farlow, to examine 
an authentic specimen of Gomont \s species. It is heavily incrusted 
with lime and has a decidedly conicU apical cell, while the cells of the 
trichome are almost always decidedly longer than broad. The 
diameter of the cells is 1.5-2/* and the dissepiments are comparatively 
broad and transparent. In all of these respects it differs from our 
Alaskan plant, although that comes within the limits of thickness 
assigned by Gomont to his species. The Alaskan plant is more slender 
than Symploca atlantica Gomont, with less distinct sheath, and more 
rounded terminal cell, which is not at all thickened above. It differs 
also in having inconspicuous dissepiments. On account of these vari- 
ous differences it seemed necessary to separate the Alaskan plant 
and consider it an independent species. 

SUBFAMILY 4. SCHIZOTRICHEAE forti 

Trichomes in well developed filaments, two to many within a com- 
mon sheath; sheaths in many species colored (yellowish brown, red 
or blue). 

Forti, in De-Toni, Syll. Alg., vol. 5, 1907, p. 315. Vaginarieae 
Gomont, Essai Class. Nost. Horn., 1890, p. 351. 

We have preferred to follow Forti in choosing the designation of 
this subfamily, since the genus Vaginaria has, justly and by common 
consent, been relegated to synonymy (cf., however, Otto Kuntze, 
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1891, p. 926, and below, under Microcoleus). With the exception of 
Porphyrosiphon, the genera referred to the subfamily Schizotricheae 
consist of species whose individuals always show a fair proportion 
of more than one trichome in a sheath. 

Key to the Geneua. 

1. Trichomes few in a sheath ... 

2. Trichomes many in a sheath 


.21. Hydrocoleum (p 84) 
.22. Microcoleus (p 85) 


21. Hydrocoleum Kuetz. 

Plant mass forming a compact, smooth or caespitose cushion on 
the substratum, at times encrusted with lime ; filaments with hyaline, 
cylindrical, sublamcllate sheaths, sparingly false branched, more or 
less mucous, at times completely diffluent; trichomes few and loosely 
aggregated in a sheath, apices straight, more or less attenuate and 
capitate, with terminal cell wall thickened. 

Kuetzing, Phyc. Gen., 1843, p. 196. 

It has seemed best to retain the original spelling of the name of 
this genus, although, of late, it is being written ** llydrocolcus** (cf. 
Porti, 1907, p. 315, and others). The assumption is, presumably, that 
Hydrocoleum** is an orthographic error. The change may also be 
made to make it agree with Microcoleus. There seem to be two words 
in Greek, or even three, meaning sheath, viz., o or to koXcop, 

the sheath or scabbard of a sword, and to /toXeoi/ (alternative ^ouXeoi/) , 
a sheath ; the two latter are Ionic forms to be sure, but no attempt 
has been made to limit the choice of Greek, in derivatives, to the Attic 
dialect alone, to koXcov^ however, is Attic, so that it seems perfectly 
proper to retain the name in the form in which Kuetzing wrote it, 
since either ^^Hydrocoleum** or Hydrocoleus** may be considered 
orthographically correct. 

The genus Hydrocoleum was founded by Kuetzing on two fresh 
water species which he named //. hottwe trichum and H. hvterotrichum 
respectively. The first, which may be considered properly as the type 
of the genus, was found on stones in a small cataract near Trieste. 
The second species was apparently founded on a mixture of H. homoe- 
trichum and another species, for which the name has been retained by 
Gomont. About twenty-eight species have been described as belonging 
to this genus of which one quarter are marine. The species are to be 
distinguished from those of Microcoleus and Sirocoleum, the only other 
marine genera, by having the trichomes less numerous in the sheath. 
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The tricliomes of species of Ilydrocoleum arc always capitate while 
those of the other two genera are rarely so, the exception being one 
species of Microcoleits, 


Hydrocoleum lyngbyaceum Kiietz. 

Plate 1, fig. 10 

Plant mass forming a smooth, compact, mucous stratum, or some- 
times caespitose wlum young; filaments unhranched below, but with 
numerous false branches above; sheaths wide, irregular, apices 
acuminate, varying often to open, som(‘tim(‘S completely diffluent; 
tricliomes dark blue-grceu, numerous at the bfusc of the filaments, 
usually solitary in th(» branch(*s, sometiim's spirally twist(*d, 8-1 G/x 
diam., tapering and truncate at tlie apices; cells 2.5-4.5/x long, dis- 
sepiments granular. 

Forming a thin layer of consid(^rable extent on pihvs, in the middle* 
littoral belt. Lands End, San Francisco, California. 

Kuetzing, Sp. Alg,, 1849r/, p. 259; Oomont, Monogr. des Oscill., 
1892, p. H;37, pi. 12, figs. 8-10 (1893, p. 75, Repr.). 

Thus far a singles si)eci(*s of Ilydroaolmm from a single locality 
lias been found on our coast. It seems referable to the var. rupestre 
Kuetz. (loc, cit.), of which the type locality is the shores of Calvados 
in northern France. Our specimens seem to agree well with the 
descriptions and figures. 

22. Microcoleus Desm. 

Tricliomes numerous, within a common, firm, hyaline, cylindrical 
sheath ; sheath usually unbranched and tapering at both ends ; filaments 
forming densely intertwined, more or less diffluent, masses on earth, 
in salt water or in fresh water; tricliomes attenuate, with straight 
apices, tightly interwoven within the sheath; apical cells acute or 
rarely obtuse, conical or capitate. 

Desmazieres, Cat. des plantcs, 1823, p. 7. 

We have followed Gomont in retaining the name Microcolcus of 
Desmazieres (1823) as against that of Vaginaria Bory (or Gray) 1821. 
The original Vaginaria Rich (in Persoon, Synopsis, 1805, p. 70) has 
passed, at least seemingly, into the synonymy of Fuirem Rootb. Bory 
later (1826, p. 524) adopted Microcolens in place of his Vaginaria, 
The decision of Gomont, however, settles the case according to the 
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rules of the Brussels Congress, and the existence of the earlier Vagin- 
aria, according to the American Code. Otto Kuntze (1891, p. 926) 
has stated the case for the retention of Vagimaria, 

Microcoleus contains between twenty and twenty-five species and 
is, for the most part, readily recognizable. The species are to be 
distinguished from those of Sirococoleum rather by habit than by any 
other character, while from Hydrocoleum they differ in the larger 
number of usually smaller trichomes in a sheath. There are species, 
however, and Microcoleus confluens S. and G. is one of them, which 
seem to be intermediate between the two genera. 

Key to the Species. 

1. Cells longer than broad 2 

1. Cells shorter than broad 3 

2. Trichomes 2.5-6/i> thick 1. M. chthonoplastes (p 86) 

2. Trichomes 1 . 5-2/* thick 2. M. tenerrimus (p 87) 

3. Trichomes 7-8/* thick, apical cell acute conical 3. M. Weeksii (p 87) 

3. Trichomes 4.4-5/* thick, apical cell rounded 4. M. confluens (p 88) 


L Microcoleus chthonoplastes (Mert.) Thuret 

Filaments forming dense, thick, coriaceous, extensive layers on 
damp mud or inundated ground, or at times intermingled with other 
species of algae, dark olive green; sheaths cylindrical, tapering at both 
ends, sometimes completely closed, or open and the trichomes project- 
ing; trichomes blue-green, short, nearly straight, numerous, and closely 
packed within the sheath, constricted at the joints, 2.5-6/* diara., cells 
3.6-10/* long ; apices attenuate, acute, conical. 

Growing on mud in salt marshes. Common along the coast from 
Puget Sound, Washington to Southern California. 

Thuret, Essai Class. Nost., 1875, p. 378; Setchell and Gardner, Alg. 
N.W. Amer., 1903, p. 188; Collins, Holden and Setchell, Phyc. Bor.- 
Amer. (Exsicc.), no. 906; Gomont, Monogr. des Oscill., 1892, p. 353, 
pi. 14, figs. 5-8 (1893, p. 91, Repr.). Conferva^ chthonplastes Mertens, 
in Hornemann, FI. Dan., 1813, vol. 9, fasc. 25, p. 6, pi. 1845. 

This widespread species was found first “in sinu Othiniensi’’ in 
Denmark by Hofman Bang and described by Mertens in 1813. It is 
usually found in shallow pools in salt marshes and prefers the waters 
or moist mud warmed by the sun, whence it may readily be distributed 
through the agency of water birds in the mud adhering to their feet. 
Our specimens seem clearly of this species. 
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2. Microcoleus tenerrimus Gomont 

Filaments aggregated into dense, blue-green layers, or dispersed 
among other species of algae, simple or sparsely branched; sheaths 
ample, somewhat irregular, apices acuminate or open and blunt; 
trichomes dark olive green, moderately numerous within the sheath, 
elongate, flexuous, somewhat loosely entwined, extremely constricted 
at the joints, apices frecpieiitly long attenuate, 1.5-2/i thick; cells 
2.2~6/x long, with occasional granules at the cross walls; apical cell 
very acute conical, not capitate. 

Growing on mud in salt marshes. Puget Sound, Washington, to 
central California. 

Gomont, Monogr. des Oscill., 1892, p. 855, pi. 14, figs. 9-11 (1893, 
p. 98, Repr.) ; Setchell and Gardner, Alg. N.W. Amer., 1908, p. 188. 

The specimens referred to Microcoleus tenerrimus are so placed 
with some doubt. The general characters agree but the cells are not 
distinct, the dissepiments being somewhat obscured instead of appear- 
ing hyaline and there are no evident constrictions. A further study 
of living material is very desirable. 


8. Microcoleus Weeksii S. and G. 

Plate 6, fig. 24 

Sheath thin, hyaline, gelatinous, irregular; trichomes 20-40 in a 
sheath, loosely intertwined, aeruginous, not torulose, T-S/x diam., ends 
attenuated; protoplast homogeneous; cells 1.8-2.5/x long; end cell 
acutely conical, neither capitate nor calyptrate. 

Growing on Griffithsia sp. in the lower littoral belt. Near Pacific 
Grove, California. Collected by Mrs. J. M. Weeks, February 1, 1896. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. Ill, 1918e, 
p. 470, pi. 40, fig. 24. 

In 1896 Mrs. J. M. Weeks sent some specimens of Griffithsia for 
determination, and in making a microscopic examination of the 
material there were detected specimens of a Microcoleus which seemed 
to be undescribed. The material being scanty was not named and 
described at that time, but incorporated into the Herbarium awaiting 
further investigation, and with the hope that more material might be 
discovered. Since then, unfortunately, no more material has been 
reported, but the species has been described since it seems very distinct. 
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M, Weeksii is a species which seems at present to have its nearest 
affinities with M, chthonoplastes (Mert.) Thurct, on the one hand, 
and M, acutirostris (Crouan) Gomont, on the other. It differs from 
the first in the character of the sheath, beinj? very much more indefi- 
nite, gelatinous, and amorphous, in having fewer trichomes within the 
sheath, and in the trichomes being larger as well as the cells much 
shorter. From tluv latter species it differs in having smaller trichomes 
with shorter c(^lls, in not liaving the ends long, attenuated and very 
acute-conical as has M. acutirostris, according to the figures and 
description given by Crouan. The trichomes in M. Weeksii begin to 
tapeu* about 6-10 c(^lls bac^k of tin* apic(*s. 

4. Microcoleus confluens S. and G. 

Plate n, fig. 25 

Filam(‘nts erect, forming a blue-gr(‘en, compact, spongy stratum 
of indefinite exi)ansiou on rocks; sheath gelatinous, moderately ample, 
irregular on the surface, hyaline, homogeni‘ous, distinct at first or 
later diffiuent; trichomes 1-8 in a sheath, separate or losscly entwined, 
very slightly constrietted at the dissepiments, 4-4.5/x diam., straight 
and not attenuated at the apices; cells 2-4 times shorter than the 
diametiT, j)rotoplast homogcuieous ; apical cell moderately rounded, 
end wall slightly thickened. 

Forming a spongy stratum in company with other speci(*s of 
Myxophyci^ae on rocks in the upper part of tin* littoral bedt. Lands 
End, San Francisco, California. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. Til, 1918a, 
p. 471, pi. 40, fig. 25. 

The sp(*cies of the genera Microcolciis and Jlydrocoleiim inter- 
grade, at least to a certain extent. Typical Microcoleus includes forms 
with numerous entwined trichomes within firm, fairly regular, un- 
branched sheaths. The trichomes are usually small, more or less 
pointed at the ends, mostly ranging below 7/jt in diameter, except 
M, suhtonilosus which is 6-10/i in diameter, and the cells are gen- 
erally longer than the diameter. 

The majority of the species which have thus far been placed in 
Ilydrocoleum have fewer trichomes in a sheath, which is often more 
or less branched, and which is commonly less firm and in some cases 
even wholly diffluent. The trichomes are large, as a rule, with cells 
shorter than the diameter, the end cells usually blunt with thickened 
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end cell walls. Borzi, however, has placed a species from New Guinea 
in this genus altliough it is but 2/a in diameter. 

Microcoleus confine ns does not conform wholly to the characters 
of either of the two above mentioned genera. It has th(i few trichomes 
and diffluent sheath of a typical Jlydrocoleuin but has the small 
trichomes of a typical Microcolcus. 


Suborder 2. ITETEROCYSTINEAE nobis 

Filaments usually attached, at least at first, but some floating free; 
trichomes made up of cidls differing from one another either through 
hcteroeysts being present, or through trichomes ending in a hair, or 
through both, simple or branched; branching either true or false; 
sheath usually present, enclosing one or more trichomes, hyaline or 
colored, homogeneous or stratifi(‘d; propagation chiefly by hormo- 
gonia; resting spores present in some species. 

llctcracysteac, Hansgirg, Syst. einig. Siisswasseralg., 1884, p. 9. 

The group of the het(*rocysted Myxophyceae is a fairly natural one 
and, in spite of some minor difficulties, it seems best to retain it. It 
was instituted by Hansgirg in 1884, and received its concrete form 
from IJoniet and Flahault in 1886. Richter in 1896 (p. 274) urged 
certain objections but Gomont in 1899 brought forward certain facts 
tending to show the misconception under which Richter labored. Later 
writers have abandoned the group, but without substituting anything 
satisfactory. It is true that the helerocysts arc lacking in certain 
species, but in nearly all cases, at least, there is, in such instances, a 
hair present. In other species, heterocysts may be scanty or rarely 
found, but all such cases show their affinities by other peculiarities 
of structure. We have, therefore, retained the group, simply changing 
the termination to conform with what seems to be the best usage. 

FAMILY 4. NOSTOCACEAE naeo. 

Thallus floating singly or gregariously, of deflnite, globular, ovoid, 
or regularly lobatc form or irregularly expanded, solid or hollow, 
soft to firmly gelatinous; trichomes unbranched, never tapering to 
a hair, both extremities usually similar, hetf^rocysts present; propa- 
gation by hormogonia and resting spores. 

Naegeli, Neu. Algensyst., 1847, p. 132 (“Nostochaceae,*^ lim, mut.). 
Nostoceae Kuetzing, Phyc. Gen., 1843, p. 203 (lim. mut.). 
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The family of the Nostocaceae is thoroughly distinct and its mem- 
bers easily recognizable. Naegeli used the term in an extended sense. 
Bornet and Flahault also used it in an extended sense in their title 
but their tribe Nostoceae (1887, p. 177) has the same limits as has 
gradually come to be customary and as we shall use it. 

Most of the Nostocaceae are inhabitants of the fresh waters, but 
a few are marine or brackish water species. Only two species of this 
family have been detected on this coast and one of these is not strictly 
a marine or brackish water species. Probably several species remain 
to be detected. 

Key to the Genera. 

1. Trichomes contorted and twisted, united into a definite gelatinous thallus 

24. Nostoc (p 92) 

1. Trichomes straight, united into indefinite gelatinous masses 

28. Anabaena (p 90) 


23. Anabaena Bory 

Trichomes cylindrical or slightly tapering at the ends, without a 
sheath, or in some species with a thin mucous tegument, existing 
apart or united loosely by the mucous teguments into a stratum; 
heterocysts intercalary; spores single or seriate, spherical to cylin- 
drical. 

Bory, Diet. Class, d’hist. nat., vol. 1, 1822, p. 307. 

Bory in 1822 established the genus Anabaena Anabaina^^) on five 
species: of which one, viz.. A, oscillarioldes Bory, remains to represent 
two of them ; one species is uncertain ; one is Phormidium laminosuni 
(Ag.) Gomont, and the fifth is referred to Leptothrix lamellosa 
Kuetz.^’ The type of tW IS Anabaena oscillarioldes Bory, The 

original spelling of the genus was Anaba/ina/^ changed later into 
Anabaena” to accord with usage in transliterating from Greek into 
Latin, the earlier diphthong wi becoming in classical Latin oe. 

Key to the Species. 


1. Trichomes 2. 0-3^1 in diam., spore wall hyaline 1. A. propinqua (p 90) 

1. Trichomes 4-6ft in diam., spore wall brown 2. A. variabilis (p 91) 


1. Anabaena propinqua S. and G. ' 

Plate 8, fig. 9 

Stratum very thin, light blue-green; trichomes flexuous, 2.6-3/t 
diam. without a distinct sheath ; cells subquadrate, 1.8-3fi long, cylin- 
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drical, slightly constricted at the dissepiments which are very distinct ; 
terminal cell either blunt or acute conical ; heterocysts subspherical to 
cylindrical, 3.5-4.5/jt diam., 5-7/a long; spores subspherical to broadly 
ellipsoidal, 5.5-7/a diam., 7-9/a long, catenate, developing centrifugally, 
membrane smooth, hyaline. 

Forming a thin stratum, more or less continuous, on liiippia m-ari- 
tinia. In pools in a salt marsh. West Berkeley, California. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. IV, 191 9&, 
p. 487. Aymhacna variabUis Collins, Holden and Setchell, Phye. Bor.- 
Amer. (Exsicc.), no. 1209 (not of Kuetz.). 

Anabaem propinqua appears to be closely related to A. variabilis 
Kuetz., but comparison with material of that species from Herbarium 
Thuret contributed by Dr. Bornet (Herb. Univ. Calif, no. 100300) 
shows that it differs in the smaller dimensions of all parts of tin; plant, 
vegetative cells, heteroeysts, and spores, which are also more nearly 
spherical than in A. variabUis and have hyaline walls instead of brown. 


2. Anabaena variabilis Kuetz. 

Plate 8, fig. 8 

Filaments combined into a thin gelatinous stratum; trichomes 
flexuous, mucous, 4-6/a diam., terminal cell obtuse-conical; cells dolii- 
form, 2.5-6/a long, or at times subquadrate and deeply constricted at 
the dissepiments; heteroeysts spherical or oval, 6/a diam., 8/a long; 
spores oval with truncate ends, usually seriate, 7-9/a diam., 8-14/a long, 
developing centrifugally from midway between the heteroeysts, with 
smooth brownish walls. 

Floating in quantity in bluish green gelatinous masses in brackish 
pool. Presidio, San Francisco, December, 1895. Found in both fresh 
and brackish waters. 

Kuetzing, Phyc. Gen., 1843, p. 210 ; Bornet and Flahault, Rev. IV, 

1888, p. 226. 

This species has been found in brackish water only once with us, 
but probably is. to be found elsewhere than in San Francisco when 
the various salt marshes along our coast are carefully explored. There 
seems little doubt of the identity of the species although it is sterile. 
It has been found in spore condition in fresh waters in our general 
territory. 
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24. Nostoc Vancher 

Thalhis mucous, gelatinous or coriaceous, usually globose or oblong 
at first, later either remaining so or assuming a variety of forms, solid 
or cavernous, usually with more or less firm periderm, floating or 
attached, composed of a mass of more or less densely intertwined and 
contorted filaments, with thin walls and thick mucous or gelatinous 
confluent teguments; tri<4iomes usually torulose, cells cylindrical, sub- 
globose or doliiform; heterocysts terminal and intercalary, spherical 
to oblong, seriate, beginning midway between the heterocysts and 
developing ccuitrifugally. 

Vaucher, Hist, des conferves, 1803, p. 203. 

The genus Nostoc was founded by Vaucher in 1803 (p. 203) as a 
segregation from the old genus Tremella of Jlillenius (1741, p. 41) 
which by common consent has been restricted to a group of speci(^s 
of basidiomycetous fungi. As founded by Vaucher, Nostoc is a very 
distinct genus, only one of five species described being now r(*f(*rred 
elsewhere and that is now referred to the lichen genus Collema whose 
algal constitu(*nt is Nostoc. Nostoc is adopted for the name of the 
genus by Bornet and Flahault (1888, p. 181), and this is the starting 
point of our nomenclature in this group. The type may be taken as 
Nostoc cornmnne Vauch. and the species are practically entirely ter- 
restrial or inhabitants of fresh water. The single sp(*cies listed btdow 
is clearly a migrant into a Scilt water pool, but is worthy of inclusion 
because of its physiological significance. 

Nostoc Linckia (Both) Bornet 

Thallus soft and gelatinous at maturity, of indefinite and irregular 
form, aeruginous or brownish with age ; filaments abruptly contorted, 
intricately and closely intertwined, sheaths distinct in young colonies 
and on the surface of older ones, becoming confluent in the interior 
of the colonies, hyaline; trichomes 3.5-4ft diam., pale grayish green, 
cells short, depressed-globose; heterocysts 5-6ft diam., globose or sub- 
globose; spores seriate, developing ccntrifugally, subglobose, 6-7/i 
diam., 7-8/x long; spore membrane smooth, hyaline or slightly brown- 
ish with age. 

Floating in long, slender masses, 7-20 mm. diam., and up to 25 cm. 
long in a salt water pond, near the C. M. & St. Paul Railway station. 
Port Townsend, Washington. July, 1917. 
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Bornet, in Bornet and Thiiret, Notes Algol., 1880, p. 86, pi. 28, 
figs. 1-12 ; Bornet and Flahault, Rev. IV, 1888, p. 192 ; Setehell and 
Gardner, Alg. N.W. Amer., 1903, p. 189 (growing in fresh water). 
Iiiv\d<iria Linckia Roth, Neiie Beitriige zur Botanik I, 1802, p. 265. 

Our specimens form shapeless expansions, with much contorted 
trichomcs and with excellent spores. They certainly seem to be Nostoc 
Linckia and their occurrence in salt water is worthy of note. 

FAMILY 5. RIV^ULARIACEAE rabeniiorst 

Filaments cohering by their gelatinous sheaths, forming more or 
less definite spherical or hemispherical colonics and radiating from 
the center outward, or parallel and forming more or less penicillatc 
or caespitosc strata, or rarely solitary, simple or branched, composed 
of sheaths and a single series of cells; trichomes usually much attenu- 
ated and terminated by a hair, one to several within a sheath ; hetero- 
cysts basal and intiT(?alary, rarely absent; branching false, usually 
beneath the heterocysts, more rarely between the heterocysts; multi- 
plication by hormogonia. Iw resting spends or by both. 

Rabeniiorst, FI. Eur. Alg., vol. 2, 1865, pp. 2, 200 (pro max. parte). 
Rivulariem Harvey, in W. J. Hooker, Brit. FI., vol. 2, part 1, 1833, 
p. 391 (pro parte). 

The Rivulariaceae form a very natural family distinguished by 
a combination of false branching and terminal hairs. Usually 
heterocysts are present, but occasionally they arc lacking. In the 
Rivulariaceae as previously distinguished, the opposite ends of the 
trichomcs are unlike, but in Hamnmtoidm (Arnmatoidca, W. and G. S. 
West, 1916, p. 46) both ends of the trichome terminate in a hair while 
the central portion of the trichome is bent at nearly right angles to 
the end portions and is devoid of heterocysts. It seems to us that 
Hmnmatoidca bears the same relation to the non-heterocysted species 
of Calothrix that the subgenus Leihl&inia do(^s to the typical species 
of Lynghya, Also there is a hcterocysted species of Calothrix (C. 
pUosa Harv.) whose central portion is decumbent and both ends erect. 
We have removed the genus Brachytrichia from Rivulariaceae to 
Stigonemataccae on account of its true branching, although it possesses 
hairs. 

The members of the Rivulariaceae are more largely marine than 
those of any other family of the Myxophyccae, yet there are many 
fresh water species in the family. The representation of the Rivu- 
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lariaceae on the Pacific Coast of North America will undoubtedly be 
considerably increased as more thorough exploration and study is 
carried on. 


Key to the Geneua. 

1. Sheaths free, not diffluent 2 

1. Sheaths diffluent into an enclosing jelly 3 

2. Trichomes single in each sheath 25. Calothrix (p 94) 

2. Trichomes few in a common sheath 26. Dichothrix (p 103) 

3. Trichomes radiating in a globular or lobulated thallus 28. Rivularia (p 105) 

3. Trichomes parallel in a flattened thallus 27. Isactis (p 104) 


25. Calothrix Ag. 

Filaments simple or with false branching, and with cylindrical 
sheaths, usually aggregated into dense pulvinate masses; trichomes 
tapering from near the base upward or only at the upper end, fre- 
quently terminating in long hyaline hairs; spores or resting cells 
have been observed in some species; hetcrocysts basal or intercalary, 
single or several in a series. 

Agardh, Syst. Alg., 1824, p. xxiv (diagnosis), 70 (list of species). 

The genus Calothrix was founded by C. A. Agardh in 1824 (p. xxiv 
diag.) with C. confcrvicola (Roth) Ag. as the type. In his account 
Agardh (loc, cit,, p. 70) mentions twelve species, four of which still 
remain as true species of Calothrix. The genus is comparatively dis- 
tinct, although some species are destitute of heterocysts and some lack 
a distinct terminal hair. Some species are branched and one species 
is decumbemt in the middle and erect at both ends. Resting spores 
are known in some species. The species of Calothrix are the simplest 
of the Riviilariaceae, passing into those of Dichothrix, and thence 
through Polythrix to Rivularia. Species of Calothrix with undevel- 
oped hairs bear a certain resemblance to species of Microchaete, which 
is usually placed among the Scytonemataceae. 

The species of Calothrix are often troublesome to determine or to 
distinguish from one another, and the material from our coast is not 
so abundant as is desirable. We have attempted to place our species 
as accurately as possible, but the whole genus needs careful revision. 

Key to the Species. 

1. Heterocysts basal 2 

1. Hetcrocysts basal and intercalary 7 

2. Filaments over 20fi thick, epiphytic 1. C. consodata (p 95) 

2. Filaments 20/* thick or, more commonly, more slender 3 

3. Plants in more or less extended layers, saxicolous 4 
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3. Plants solitary or few together, epiphytic or endophytic 6 

4. Filaments in caespitose or dense layers 5 

4. Filaments in hirsutely spongy layers 5. C. pulvinata (p 97) 

5. Layer loosely caespitose, iilaments 30-40/a thick 2. C. robusta (p 90) 

5. Layer loosely caespitose, filaments 10-18/a thick 3. C. scopulonun (p 96) 

5. Layer dense, smooth, almost crustlike, filaments, 9-15/a thick 

4. C. Contarenii (p 97) 

6. Filaments endophytic, bulbous at the base 6. C. parasitica (p 98) 

6. Filaments epiphytic, not bulbous at the base 7. C. epiphytica (p 99) 


7. Filaments simple or nearly so, growing in tufts on other marine plants 8 

7. Filaments slightly to profusely branched, growing in layers on rocks 9 


8. 1-2 mm. high, filaments 12-20/a (rarely 40/a) thick, ending in a long hair 

8. C. Crustacea (p 99) 

8. Not over 0. 5 mm. high, filaments 24-28/a thick, ending in a short hair 

9. C. rectangularis (p 100) 

9. Filaments rarely and irregularly branched 8. C. Crustacea (p 99) 


9. Filaments at least frequently branched in some definite order 10 

10. Filaments attached at the base 1 1 


10. Filaments attached at the middle, erect at both ends ... 12. C. pilosa (p 102) 

11. Branches solitary, emerging from beneath a heterocyst 

10. C. prolifera (p 101) 

11. Branches geminate (in 2s) emerging from the interval between 2 heterocysts 

11. C. vivipara (p 101) 

Galothrix consociata (Knetz.) B. and F. 

Filaments gregarious and stel lately fas(5iculate, growing on other 
filamentous algae, dark green, rigid, 0.5 mm. high, 21-29/a diam., 
decumbent, curved, and sliglitly thickened at the base; sheaths close, 
membranaceous, dilated funnel-shaped, lamellate, inner layer brown, 
outer layer hyaline ; triehomes 12/i diam., olive green ; cells three times 
shorter tlian the diameter, lieterocyst basal. 

Growing on plants in a salt marsh. Whidbey Island, Washington. 

Bornet and Flahault, Rev. 1, 1886, p. 1351 ; Setchcll and Gardner, 
Alg. N.W. Amer., 1903, p. 197. Schizoslphon coiisociatus Kuetzing, 
Phyc. Gen., 1843, p. 234, Tab. Phyc. II, 1850-1852, p. 17, pi. 54, fig. 3. 

Calothrix consociata was included by us in the Algae of North- 
western America on the evidence of a single collection which lias, 
unfortunately, not been preserved or, at least, not placed in its proper 
place in the collections. It is, therefore, included in this account 
without further comment. The species is closely related to C. con- 
fervicola (Roth) Ag., from which it differs in color of trichome, 
greater diameter of filament, and thicker sheath, whose inner layers 
are colored. C. confervicola, although seemingly a widespread species, 
has not, as yet, been detected with certainty on our coast, although it 
is to be looked for. 
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lariaeeae on the Pacific Coast of North America will undoubtedly be 
considerably increased as more thorough exploration and study is 
carried on. 


Key to the Genkua. 

] . Sheaths free, not diffluent 2 

1. Sheaths diffluent into an enclosing jelly 3 

2. Trichomes single in each sheath 25. Calothrix (p 94) 

2. Trichomes few in a common sheath 26. Dichothiix (p 103) 

3. Trichomes radiating in a globular or lobulated thallus 28. Bivularia (p 105) 

3. Trichomes parallel in a flattened thallus 27. Isactis (p 104) 


25. Calothrix Ag. 

Filaments simple or with false branching, and with cylindrical 
sheaths, usually aggregated into dense pulvinatc masses; trichomes 
tapering from near the base upward or only at the upper end, fre- 
quently terminating in long hyaline hairs; spores or resting cells 
have been observed in some species; heterocysts basal or intercalary, 
single or several in a scries. 

Agardh, Syst. Alg., 1824, p. xxiv (diagnosis), 70 (list of species). 

The genus Calothrix was founded by C. A. Agardh in 1824 (p. xxiv 
diag.) with C. confervicola (Roth) Ag. as the type. In his account 
Agardh {loc, cit,, p. 70) mentions twelve species, four of which still 
remain as true species of Calothrix. The genus is comparatively dis- 
tinct, although some species arc destitute of heterocysts and some lack 
a distinct terminal hair. Some species are branched and one species 
is decumbent in the middle and erect at both ends. Resting spores 
are known in some species. The species of Calothrix are the simplest 
of the Rivulariact^ae, passing into those of Dichothrix, and thence 
through Polythrix to liivularia. Species of Calothrix with undevel- 
oped hairs bear a certain resemblance to species of Microchaete, which 
is usually placed among the Scytonemataceae. 

The species of Calothrix are often troublesome to determine or to 
distinguish from one another, and the material from our coast is not 
so abundant as is desirable. We have attempted to place our species 
as accurately as possible, but the whole genus needs careful revision. 

Key to the Species. 

1. Heterocysts basal 2 

1. Heterocysts basal and intercalary 7 

2. Filaments over 20fi thick, epiphytic 1. C. consodata (p 95) 

2. Filaments 20/* thick or, more commonly, more slender 3 

3. Plants in more or less extended layers, saxicolous 4 
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3. Plants solitary or few together, epiphytic or endophytic 6 

4. Filamente in caespitosc or dense layers 5 


4. FUaments in hirsutely spongy layers 5. C. pulvinata (p 97) 

5. Layer loosely caespitosc, filaments 30-40/x thick 2. C. robosta (p 96) 

5. Layer loosely caespitosc, filaments 19-18/a thick 3. C. scopulonim (p 96) 

5. Layer dense, smooth, almost crustlike, filaments, 9-1.5/a thick 

4. C. Contarenii (p 97) 

6. Filaments endophytic, bulbous at the base 6. C. parasitica (p 98) 

6. Filaments epiphytic, not bulbous at the base 7. C. epiphytica (p 99) 


7. Filaments simple or ne-iirly so, growing in tufts on other marine plants 8 

7. Filaments slightly to profusely branched, growing in layers on rocks 9 


8. 1-2 mm. high, filaments 12-20/a (rarely 40/a) thick, ending in a long hair 

8. C. Crustacea (p 99) 

8. Not over 0.5 mm. high, filaments 24-28/a thick, ending in a short hair 

9. C. rectangularis (p 100) 

9. Filaments rarely and irregularly branched 8. C. Crustacea (p 99) 


9. Filaments at least frequently branched in some definite order 10 

10. Filaments attached at the base 11 


10. Filaments attached at the mnldle, erect at both ends. ...12. C. pilosa (p 102) 

11. Branches solitary, emerging from beneath a heterocyst 

10. C. prolifera (p 101) 

11. Branches geminate (in 2s) emerging from the interval between 2 hctcrocysts 

11. C. vivipara (p 101) 

1. Calothrix consociata (Kuetz.) H. and F. 

Filaments gregarious and stellately fasciculate, growing on other 
filamentous algae, dark gre^en, rigid, 0.5 mm. high, 21~29 /a diam., 
decumbent, curved, and slightly tliickcned at the base; sheaths close, 
membranac(?ous, dilated funnel-shaped, lamellate, inner layer brown, 
outer layer hyaline; trichomes 12/1 diam., olive green ; cells three times 
shorter than the diameter, hcterocyst basal. 

Growing on plants in a salt marsh. Whidbey Island, Washington. 

Bornet and Flahault, Rev. I, 1886, p. 351; Selchell and Gardner, 
Alg. N.W. Amer., 1903, p. 197. Schizosiphon comociatus Kuetzing, 
Phyc. Gen., 1843, p. 234, Tab. Phyc. II, 1850-1852, p. 17, pi. 54, fig. 3. 

Calolhrix consocmia was included by us in the Algae of North- 
western America on the evidence of a single collection which has, 
unfortunately, not been preserved or, at least, not placed in its proper 
place in the collections. It is, therefore, included in this account 
without further comment. The species is closely related to C, con- 
fervicola (Roth) Ag., from which it differs in color of trichome, 
greater diameter of filament, and thicker sheath, whose inner layers 
are colored. C. confervicola, although seemingly a widespread species, 
has not, as yet, been detected with certainty on our coast, although it 
is to be looked for. 
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2. Calothrix robusta S. and O. 

Plate 6, 22 

Filamonts cacspitosc*, attached at the base and erect, or attached 
at the middle and both ends erect, somewhat flexuous, cylindrical, 
1-2 mm. long, .'1()-40 /a diam. ; trichomes nearly cylindrical throughout, 
very abruptly pointed at the apex, rarely branching, not torulose, 
16-20/i. diam., bright blue-green, cells 2-3/a long, finely and uniformly 
granular; sheaths hyaline or slightly yellowish with age, lamellate, 
7-8/* thick, closed at the apex when young; heterocysts basal, much 
compressed, 1-4/* seriate. 

Forming a cacspitose layer on rocks in small tide pools near high- 
tide level. Cypress Point, Monterey County, California. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. Ill, lOlSa, 
p. 473, pi. 40, fig. 22. 

The material of this species shows but few heterocysts and these 
are all basal, usually much compressed, and occasionally 2-4 seriate. 
It has a thick, firm sheath, and this remains closed at the apex for some 
time. The branching, so far as observed, is through a rupture either 
on the side of the sheath, apparently caused by rapid growth of the 
trichome in that part, the closed sheath at the apex not expanding 
as rapidly as the trichome elongates, or more commonly by breaking 
through the sheath at the base of procumbent filaments. 

Calothrix robmia is to be placed near C, scopulonim from which 
it differs decidedly in size, being, in fact, the largest species of the 
genus, so far as thickness of filament goes, with the exception of C. 
pilosa which also it resembles to a certain extent. 

3. Calothrix scopulorum (Web. and Mohr) Ag. 

Filaments contorted, erect, up to 1 mm. high, 10-18/* diam., mod- 
erately thickened at the base, forming an expanded, cacspitose, olive 
green stratum; sheaths somewhat thick, hyaline, yellowish brown, or 
colored in zones, usually lamellate, repeatedly ocreate; trichomes 
olive green, 8-15/* diam., prolonged into a long, hyaline hair; hetero- 
cysts 1-3, basal, hormogonia numerous in a sheath, 4-5 times as long 
as the diameter. 

Growing in rock pools and on wood along high-tide level and above. 
Puget Sound (Saunders, 1901, p. 399), and central and southern 
California. 
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Agardh, Syst. Alg., 1824, p. 70 ; Bornet and Plahault, liev. I, 1886, 
p. 353; Bornet and Thuret, Notes Algol. II, 1880, p. 159, pi. 38; 
Setchell and Gardner, Alg. N.W. Amer., 1903, p. 197 ; Collins, Holden, 
and Setchell, Phyc. Bor.-Amer. (Exsicc.), no. 1720. Conferva scopu- 
lorum Weber and Mohr, Reise durcli Schweden, 1804, p. 195, pi. 3, 
figs. 3a-, 35. 

A fairly and readily recognizable species, possibly to be confused 
with C. Crustacea when the intercalary heterocysts of the latter are 
scanty, growing usually on rocks but occasionally on wood, seldom 
as an epiphyte, but this condition not seen, as yet, in our territory. 

4. Calothrix Contarenii (Zan.) B. and F. 

Filaments forming a blackish green, smooth, glistening, compact, 
orbicular stratum, paralh^l, erect, moderately flexuous, up to 1 mm. 
high, 9-15/1 diam., decumbent and thickened at the base; sheaths some- 
what thick, hyaline or dark yellowish brown, homogimeous or lamellate^, 
dilated above ; trichomes 6-8/* diam., prolonged above into a long, deli- 
cate hair when actively growing; cells equaling the diameter or 2-3 
times shorter; heterocysts 1-2, basal. 

Growing spars(*ly on rocks near high-tide level. Southern Wash- 
ington, central California, southern California. 

Bornet and Flahault, Rev. I, 1886, p. 344. Ilivnlaria Contarenii 
Zanardini, Sulle Alghe, 1839, p. 134. 

This species is very close to the last (C. scopulorum) but is to be 
distinguished by its habit and its somewhat larger and more flexuous 
filaments. The specimens referred here have been subject to careful 
examination and seem rather to belong to C. Contarenii than to 
C, scopulorum. The number of basal heterocysts in C, Contarenii is 
given as “1-2,’’ but there are three or more in most of our specimens. 

5. Calothrix pulvinata (Mert.) Ag. 

Filaments erect, flexuous, agglutinated into small irregular 
fascicles, 2-3 mm. high, 15-18ft diam., slightly enlarged at the base, 
sparingly false branched, forming expanded, spongy, dull green 
layers; sheaths thick, firm lamellate, hyaline or brownish; trichomes 
8-12/4 diam., olive green, attenuated into a short hair ; cells 2-3 times 
shorter than the diameter. 

Growing on woodwork, floating logs, etc. Along high-tide line and 
in salt marshes. Puget Sound, Washington, to central California. 
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Agardh, Syst. Alg., 1824, p. 71 ; Bornet and Flahault, Rev. I, 1886, 
p. 356; Setchell and Gardner, Alg. N.W. Amer., 1903, p. 197 ; Collins, 
Holden and Setchell, Phyc. Bor.-Amer. (Bxsicc.), no. 957 ; Bornet and 
Thuret, Notes Algol. II, 1880, pp. 39, 161. Ceramium pulvinatum 
Mertens, in Jurgens, Alg. Aquat. Decas IV, 1817, no. 5. 

This is a very distinct species in typical form because of its 
peculiar symplocoid habit. Even when this habit is obscure the 
filament and trichome are fairly typical. Our coast lacks its favorite 
habitat of piles and logs exposed to fairly pure and fairly warm salt 
water. 


6. Calothrix parasitica (Chauv.) Thur. 

Filaments aggregated among the cortical threads of Nemalion, 
blue-green, 0.5 mm. high, 9-10/a diam. (rarely 12-15/a diam.), slightly 
thickened in the middle, bulbous and curved at the base, up to 24/t 
thick; sheath thin, hyaline, often dilated at the apex; triehomes 7-8/t 
diam., cells short, prolonged into a very long, flexuous, hyaline thread 
above; heterocysts basal; several hormogonia in a sheath, 4-5 times 
as long as the diameter; color intense blue-green. 

Growing in the fronds of Nemalion lubricum. Probably co-existent 
with the host along the Pacific Coast. 

Thuret, Essai, 1875, p. 381 {namcn nudum) ; Bornet and Thuret, 
Notes Algol, II, 1880, p. 157, pi. 37, figs. 7-10; Bornet and Flahault, 
Rev. I, 1886, p. 357. Kivularia parasitica Chauvin, Rech. sur Porgan 
la fructification, 1842, p. 41. 

The same species grows in the fronds of Nemalion multifidum on 
the Atlantic coasts of the United States and Europe. It seems to have 
no deleterious effect upon cither species of Nemalion, and while it 
seems always to be associated with that genus, it has never been proven 
to be really parasitic upon it in the sense of obtaining nourishment. 

There is some variation in the specimens found in Nemalion on 
both the Pacific Coast of North America and the Atlantic coasts of 
North America and Europe. The base is often swollen but not really 
bulbous. The sheath is sometimes strict and hyaline, but also often 
ample, brownish, and ocreatc above. The triehomes are at times toru- 
lose, and again they show nothing of the sort. The heteroeysts vary 
in different collections from one to four. These may be differences of 
age or of luxuriance of development, but also there may be more than 
one species confused under this name. 
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7. Calothrix epiphjrtica W. and G. S. West 

Filaments epiphytic upon larger algae, solitary or aggregated 
into small clusters, attached at the base and erect, or procumbent, 
5~7.5/a diam., 250/a, rarely 350/a, long, gradually attenuated from the 
base to the apex, not branched; sheath transparent and colorless, 
inconspicuous; trichomcs aemginous, 3.5-4/a diam. at the base, taper- 
ing gradually into a delicate hair at the apex; cells quadrate, slightly 
longer above and shorter below, heterocysts small, solitary, basal. 

Growing on RhizocUmium riparmm var. polyrhizum Roscnv., on 
sand rock along high-tide level. Near the mouth of Tomales Bay, 
Marin County, California. August, 1910. No. 3440, Gardner. Dis- 
tributed in Collins, Holden, and Setchell, Phyc. Bor.-Amer. (Exsicc.), 
no. 2238flf, on the above mentioned host. 

West, W., and G. S., Welwitsch’s African Alg., 1897, p. 240. 

The type was found growing on Ocdogoninm sp. on the bank of 
the River Bero at Massamodcs, Africa, August, 1859, no. 190, Wel- 
witsch. 

This is the first and only locality on our coast from which this 
species of Calothrix has been nqiorted. Tlie mat(*rial is mixed with 
Lynghya Willei S. and G. and is not very abundant. Tt seems strange 
to find a fresh water sp('cies on the edge of an ocean and it may be. 
that our plant is different from that of the Wests. The agreement 
seems loo close, however, to refer it elsewhere, but the material is not 
sufficiently abundant to make the determination thoroughly satis- 
factory. 


8. Calothrix Crustacea Thuret 

Filaments caespitose, or velvety and widely expanded, dark green 
or brownish, erect, straight, dense, 1-2 mm. high, 12-20/a even up to 
40/a diam., thickened at the base; sheaths somewhat thick, hyaline or 
yellowish brown, mostly lamellate, ocreate; trichomes olive green, 
8-15/a diam., prolonged above into a very delicate acute hair; cells 
short, heterocysts 1-3, basal and intercalary ; hormogonia numerous in 
a sheath, 4-5 times as long as the diameter; “spores seriate, oblong- 
cylindrical, smooth.’^ 

Attached to sticks, weeds, and stones in salt marshes, in the upper 
littoral belt. Washington to California. 

Thuret, Notes Algol. I, 1878, pp. 13-16, pi. 4 (figures 5, 6 drawn 
from living material collected at Croisic) ; Setchell and Gardner, Alg. 
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N.W. Amer., 1903, p. 197 ; Collins, Holden, and Setchell, Phyc. Bor.- 
Amer. (Exsice.) nos. 1212, 2104. 

This species presents a great variety of variations. As interpreted 
by Thuret and by Bornet and Flahault the variation in the diameter 
of the filaments is from 12/a to 40/a. A variation so great as this has 
not been reported in any other species of the genus. It may be that 
we are dealing here with a heterogeneous group. The heterocysts are 
basal and intercalary, varying from one to several in each position. 
In its multiplicity of branching there is great divc^rsity. Some collec- 
tions have the filaments almost wholly without branching. This is 
considered to be the typical form. In other collections there arc 
intermingled specimens without branches and those with profuse 
branching approximating to such species as C. prolifera Flah., C, 
fasciculata Ag., and even to the extreme represented by C. vivipara 
Ilarv. 


9. Galothrix rectangularis S. and G. 

Plate 6, fig. 21 

Filaments simple or occasionally sparsely branched, attached at 
the base to various other algae, prostrate when young, soon becoming 
erect, 400-500/a long, 24-28/a diam. at the base ; trichomes 16-18/a diam. 
at the base, tapering gradually upward nearly to the apex, then rather 
abruptly ending in a short hair; cells 2-4/a long, protoplasm finely 
granular, pale blue-green; sheath hyaline when young, changing to 
light yellow with age, strict at the apex ; heterocysts basal and inter- 
calary, the basal spherical to STibconical, the intercalary cylindrical, 
usually single, near the base of the triehome, 18-25/a long, the same 
diameter as the triehome. 

Epiphytic on various sp(?cies of marine algae, near low-tide level. 
East Sound, Orcas Island, Washington. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. Ill, 1918a, 
p. 472, pi. 40, fig. 21. 

This species comes within the range of measurements stated by 
Bornet and Flahault (Rev. I, 1886, p. 359) for the diameter of the 
filaments of C. Crustacea Thuret with which it seems to be most closely 
related, the filaments are, however, much shorter than the measure- 
ments given for that species. The small size, the habit of growth on 
other algae, the presence of cylindrical, intercalary heterocysts always 
near the base of the trichomes, the infrequency of branching, and the 
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strict sheath seem sufficient to separate this species from any of the 
forms of C, Crustacea, The cjdiridrical hetcrocysts above mentioned, 
appearing rectangular to the view, are sufficiently striking to suggest 
the specific name. 


10. Galothrix prolifera Flahault 

Layer exj)aiided, velvety, brownish green; filaments 2 mm. high, 
15-18/a thick, slightly fl(»xuous, curved at the base and noticeably 
thickened, at times falsely branched, branches emerging from beneath 
a heterocyst after the fashion of Tolypothrix ; sheath thick, lamellate?, 
firm, many times oereate, with the ocreae dilated and lacerate ; above 
liyaline, below y(*llowish ; trichomes 8-1 2/a thick, bright verdigris green, 
attenuated at the apices into hairs, cells 3-4 times shorter than the 
diameter; heteroeysts basal (1-2) and intercalary (numerous). 

Growing among other algae on boards in salt marshes. San Fran- 
cisco Bay, California. 

Flahault, in Bornet and Flahault, liev. I, 1886, p. 361. Calothrix 
Crustacea f. prolifera Collins, in Collins, Holden and Setchell, Phyc. 
Bor.-Amer. (Exsicc.), no. 1168. 

This is one of the near relatives of Calothrix Crustacea which helps 
to make the whole Crustacea group of species (or varieties?) puzzling. 
At times this species is well developed and seemingly distinct, but the 
specimens referred to it here are too close to C, Crustacea to be at all 
satisfactorily placed under a separate species. The same, liowever, 
may be said of specimens often placed under both C. fasciculaia and 
C. vivipara. It has seemed best to continue the Bomet and Flahault 
arrangement for the? present, or until culture experiments can be car- 
ried out to determine the polymorphism that may exist. 

11. Calothrix vivipara Harv. 

Filaments decumbent and intricate at the base, becoming erect 
and parallel, 3-5 mm. high, 12-24/a diam., somewhat fiexuous, false 
branching numerous and usually in pairs as in Scytonema, forming 
broadly expanded, velvety coating on rocks; sheaths fairly thick, 
somewhat mucous, homogeneous, hyaline, or becoming yellowish 
brown ; trichomes olive green, 9-15/a diam., gradually attenuate from 
the base upward, prolonged into a hair; cells quadrate or shorter than 
the diameter ; heterocysts basal or intercalary, 2-4 seriate. 
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Growing in rock depressions of the breakwater, San Pedro, Cali- 
fornia. This is the only known locality on the Pacific Coast of North 
America. 

Harvey, Ner. Bor.-Amer. Ill, 1858, p. 106; Bornet and Flaliault, 
Rev. I, 1886, p. 362; Collins, Holden and Setchell, Phyc. Bor.-Amer. 
(Exsicc.), no. 2105. 

The only specimen we have found sufficiently characteristic to 
refer confidently to this species has been compared with a fragment 
of the type specimen from Sakonnet Point, Rhode Island. The two 
agree very well indeed, except that our specimen shows more abundant 
and seemingly more characteristic branching. 


12. Calothrix pilosa Harv. 

Plato 8, fig. 4 

Filaments forming a widely expanded, caespitose, pilose, dark blue- 
green stratum, decumbent, and densely interwoven at the base, both 
ends erect above, elongate, rigid, 2-10 mm. high, 10-40/x thick ; sheaths 
firm, thick, golden, at times yellowish brown, subopaque, homogeneous ; 
trichonies 10-20fi diam., olive brown to pale blue-green, briefly attenu- 
ated above; hetcrocysts basal and intercalary. 

Forming a dense velvety coating on rocks in tide pools along 
high-tide level, or often above. Point Carmel, in the vicinity of 
Carmel Bay, California. 

Harvey, Ner. Bor.-Amer. HI, 1858, p. 106, pi. 48c; Bomet and 
Flahault, Rev. I, 1886, p. 363; Collins, Holden and Setchell, Phyc. 
Bor.-Amer. (Exsicc.),. no. 859. 

The plants referred here were all found in a single locality, viz., 
Point Carmel in Monterey County, California, but were collected in 
dilferent years and months and independently by each of us. They 
form velvety linings to minute pools high up in the littoral region 
where the water is much warmed and concentrated by the sun. It 
is usual to find salt crystals in these pools, to such an extent has the 
evaporation proceeded. Harvey describes and figures the branches 
as single and after the fashion of C. prolifera, and his figures agree 
in all respects with a fragment of the type of C. pilosa. Certain of 
our specimens show the same method. Others with decumbent base 
show branching similar to C. fasdculata, and still others with the same 
sort of base show the branching of C. vivipara. 
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26. Dichothrix Zanard 

Filaments aggregated into caespitose or cushion-shaped masses, 
subdichotomously and falsely branched; trichomes 1-6, rarely more, 
within a sheath, tapering above, often ending in a long, hyaline hair; 
heterocyst basal or intercalary, rarely absent, single or seriate ; plants 
marine or fresh water. 

Zanardiiii, Plant. Mar. Rubro., 1858, p. 297 (p. 89, Repr.). 

The type of the genus is Dkhothrix pcnicillata from the Red Sea, 
but the genus now contains about a dozen species distributed through 
both fresh and salt waters, one of which is devoid of heterocysts. It 
has been our experience to find two seemingly good and endemic 
species on our coast. 


Key to the Species. 

1. Heterocysts 2-6 seriate, trichomes 9-11/a thick 1. D. seriata (p 103) 

1. Heterocysts single, trichomes 4-5/a thick (at base) 2. D. minima (p 104) 


1. Dichothrix seriata S. and G. 

Plate 6, fig. 20 

Filaments forming a caespitose stratum on rocks, 1-1.5 mm. high, 
25-35/* diam., erect; repeatedly more or less fascicu lately pseudo- 
branched, ultimate branches mostly strict, acuminate; sheath homo- 
geneous, ample, hyaline below, yellowish brown above, strict, not 
ocrcate or only slightly so ; trichomes aeruginousi, 9-11/a diam., almost 
cylindrical, with acuminate apices; branches long, included in the 
common sheath; cells 2.5-3. 5/* long; heterocysts basal, 2-6 seriate, 
diminishing in size downward, subspherical to disk-shaped. 

Growing on rocks interspersed with Rhodochorton Rothii, in 
sheltered localities along high-tide level. Cape Flattery, Washington. 

Setchell and Gardner, m Gardner, New Pac. Coast Alg. Ill, 1918a, 
p. 473, pi. 40, fig. 20. 

Of all the known forms of Dichothrix, D. seriata seems most closely 
related to D, mpicola Collins (1901, p. 290), from which it differs in 
having longer filaments, with greater diameter, which are more strict 
at the apices, in having seriate, intercalary heterocysts as well as basal, 
and in the sheaths not being ocreate. 
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2. Dichothrix minima S. and Q. 

Filaments forming small, dense clusters 80-140ft high; trichomes 
few, 2-5, and almost wholly included within the common sheath, pale 
aeruginous, tapering gradually upward from the heterocyst, slightly 
tonilose, ending in a long hyaline hair; basal cells 4-5/i. diam., quad- 
rate or slightly longer, homogeneous ; hair cells 0.8-1/a diam. ; hetero- 
cysts basal, single, spherical or subconical, slightly larger than the 
trichomes; sheath strict, at first hyaline, soon becoming brown and 
distinct. 

Setchell and Gardner, in Gardner, New Pae. Coast Alg. Ill, 1918a, 
p. 474. 

Growing in small tufts on Knteraniorpha sp. along high- tide level 
and above. Chuckanut Quarry near Bellingham, Washington. 

The type material of Dichothrix minima was collected in •July, 
1899. There was a very small quantity and it was placed in the 
Herbarium of the University of California under no. 100,341, awaiting 
the accumulation of other material. The locality has not been revisited 
and other material has not been reported from elsewhere. It is hoped 
that this description may stimulate further search for it. 


27, Isactis Thuret 

Filaments erect, parallel, densely crowded, and coalescent into a 
compact layer attached to the substratum, simple or sparsely branched ; 
heterocysts basal; reproduction by spores unknown. 

Thuret, Essai Class. Nost., 1875, pp. 376, 382; Bornet and Fla- 
hault. Rev. I, 1886, p. 343. 

The diagonsis given by Thuret {loc, cit,, p. 376) was short, but yet 
to the point. Isactis is a habit genus differing from Bivularia in its 
more simple trichomes which are crowded and parallel. This gives 
rise to flattened, more or less orbicular layers instead of spherical, 
hemispherical, or more or less convex and lobed expansions. 

Isactis plana (Harv.) Thuret 

Fronds scarcely 0.5 mm. thick, spread out indefinitely on the 
surface of rock, dark green ; filaments densely crowded, mostly simple ; 
trichomes 7-9/a diam., light blue-green, tapering into a delicate hair 
above when young. 
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Thuret, Essai, 1875, p. 382; Bornet and Thuret, Notes Algol. II, 
1880, p. 163, pi. 40 ; Boruet and Plaliault, Rev. II, p. 344. Rivularia 
plana Harvey, in Hooker, Brit. FL, 1833, vol. 2, part 1, p. 394. 

The only two species thus far described are Isactis plana (Harv.) 
Thuret and Z. centrifuga Bornet. Our plants seem to belong to the 
former and both varieties are represented on our coast. 


Isactis plana var. plana B. and F. 

Plate 1, figs. 8, 9 

Layer not zonate as a rule; filaments iinbranehed or nearly so, 
cohering together. 

On rocks. Puget Sound, Washington, to southern California. 
Bornet and Flahault, Rev. II, 1886, p. 345. 


Isactis plana var. flssurata B. and F. 

Layer more or less zonate; filaments pseudoramose, tightly co- 
hering. 

On rocks. Urialaska, Alaska. 

Bornet and Flahault, Rev. 11, 1886, p. 345; Setchell and Gardner, 
Alg. N.W. Amer., 1903, p. 198. 

28. Rivularia Ag. 

Thallus h(*mispherieal, globase or irregularly lobed, at times 
cavernous, or confluent into a solid expanded stratum; filaments 
radiating from the center, or from the base, repeatedly false branched, 
heterocysts basal, some species producing cylindrical spores contiguous 
to the heterocyst. 

C. Agardh, Disp. Alg. Succ., 1812, p. 43, Syn. Alg. Scaiid., 1817, 
pp. xxxviii, 130, 131, Syst. Alg., 1824, p. xix; Roth, Neue Beitr. z. 
Bot., 1803, p. 261 (pro parte), Cat. Bot., vol. 3, 1806, p. 332 (pro- 
parte) (not of Roth, Cat. Bot., vol. 1, 1797, p. 212; or Tent. Flor. 
Germ., vol. 3, 1800, p. 543) ; Bornet and Flahault, Rev. Nost. Het. I, 
1886, p. 345. 

The status of the name Rivularia was made plain and current by 
the action of the Third International Botanical Congress at Brussels 
in 1910, when it fixed the starting point of the nomenclature of the 
heterocysted Nostocaceae with Bornet and Flahault ’s ‘‘Nostocacees 
Heterocystces.’’ The history of the name, however, is both interesting 
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and confusing. The first genus Rwularia was established by Roth in 
1797 (p. 212). The two species assigned to it are both of the earlier 
genus Chaetophora Schrank (1783, p. 124). In 1800 (pp. 544-546), 
Roth listed three species, all of the present Chaetophora, In 1803 
(pp. 261-285), however, Roth increased the genus as to the number 
of species, adding some true Rivularias, and in 1806 (pp. 332-341) 
he still further added to it additional Rwularia species as now 
reckoned. In 1812 (p. 42) C. Agardh separated the species of 
Chaetophora from the others and also refounded Rwularia {loc. cit,, 
p. 43) in very nearly the sense in which we now use it. He repeated 
his account later in 1817 (p. xxxviii) and even again in 1824 (p. 24). 
The genus, then, had been refounded and well established even before 
the Portacus of Rafinesque (1819, p. 107) had been proposed. 

Key to the Species. 

1. Filaments separating from one another readily under pressure 

1. R. Biasolettiana (p 106) 

1 . Filaments separating from one another with difficulty under pressure 2 

2. Fronds spherical or nearly so, at times more or less confluent into a layer ... ‘S 

2. Fronds globose to plicate-corrugate, expanded, often hollow 

3. R. nitida (p 108) 

3. Fronds spherical or irregular, 0 5-1 . 0 mm. in diam., often gregarious and partially 

confluent into a pulverulent layer 4. R. mamillata (p 109) 

3. Fronds spherical or hemispherical, 3-5 mm. in diam., confluent (in var. confluens) 
into a flat, smooth layer 2. R. atra (p 107 ) 

1. Rivularia Biasolettiana Mencgh. 

Thallus gelatinous, at first hemispherical, later becoming diffluent 
and broadly expanded, warty and cushion-shaped, often becoming 
encrusted with lime, dark olive green, becoming yellowish or brownish 
on the surface ; filaments densely crowded, IS/a diam. ; sheaths ample, 
mucous, lamellate, funnelform, hyaline or yellowish, or alternating 
hyaline and yellowish giving the thallus a zonate appearance ; 
trichomes 5-9/a diam., prolonged into a delicate, fiexuous hair; cells 
in basal portion slightly shorter than the diameter, one-third the 
diameter above, heterocyst oblong, basal, 1-3 seriate, or rarely inter- 
calary. 

Growing on dripping rocks in both fresh and salt water along 
high-tide line and above. Ranging from Unalaska, Alaska, to south- 
ern California. 

Meneghini, in Zanardini, Syn. Alg. Mar. Adr., 1841, p. 42 ; Setchell 
and Gardner, Alg. N.W. Amer., 1903, p. 198; Saunders, Alg. Harri- 
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man Bxped., 1901, p. 399; Bornet and Flahault, Rev. If, 1886, p. 352; 
Collins, Holden and Setchell, Phyc. Bor.-Amer. (Bxsicc.), no. 358; 
Tilden, Amer. Alg. (Bxsicc.), no. 570. Rivularia nitida Tilden, Amer. 
Alg. (Bxsicc. ) , no. 571 (not of Agardh) . Rivularia atra var. coaduiiaia 
(Sommerf.) Bornet, Les Nost. Het. Syst. Alg., 1889, n. 6. Linckiu 
atra var. coadtiuata Sommerfelt, Suppl. PL Lapp., 1826, p. 201. Rivu- 
laria coadunata Poslie, Contrib. Knowl. Mar. Alg. Norway II, 1891, 
p. 56 (p. 21, Repr.) ; Porti, in De-Toni, Syll. Alg., vol. 5, 1907, p. 667. 

This species is not uncommon and is more often growing in strictly 
fresh water than in salt water. It grows on rocks and on hard soil, 
among mosses, etc., where fresh \vater from springs or streams trickles 
over it, but frequently the layers extend down into the salt water 
where it seems to thrive. 

It seems best to retain the name of Rivularia Biasoleitiana as 
chosen by Bornet and Plahault (loc. cit,) as against R, coadunata 
(Sommerf elt) Poslie, and an additional reason exists for this choice, 
since the name coadunata, as used by Sommerfelt, was simply varietal 
and was raised to specific rank subsequent to the proposal of Bimolet- 
tiana as specific (cf. Regl. Intern, de la Nom. Bot., Vienna, 1906, 
Art. 49). 


2. Rivularia atra Roth 

Thallus spherical, solitary or confluent, blackish green, up to 4 mm. 
diam. ; filaments thickly compacted, not separating readily under 
pressure; sheaths thin, scarcely distinct, ampliate above, hyaline or 
yellow; trichomes 2.5-5/ii thick, verdigris green, produced above into 
a slender hair; lower cells scarcely longer than broad, upper shorter. 

On various solid living and non-living substrata. California. 
Dr. C. L. Anderson (fide. Bornet and Plahault, loc. cit., p. 355). 

Roth, Cat. Bot., vol. 3, 1806, p. 340; Bornet and Plahault, Rev. 11, 
1886, p. 353. 

This species is given by Bornet and Plahault as occurring on the 
coast of California. The specimens we have seen belong to one or 
another of the two following varieties. 


Rivularia atra var. hemisphaerica (Kuetz.) B. and P. 

Plate 8, figs. 1, 2 

Thallus hemispherical, firm, solitary, or occasionally slightly con- 
fluent by close proximity to others, of very dark green color, black 
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when dry, 3-5 mm. diam. ; filaments crowded; sheaths narrow, firm, 
inconspicuous below, spreading and slightly colored above ; trichomes 
2.5-5/Lt diam., blue-green, prolonged into a long, delicate, hyaline 
thread above; cells of equal diameter below, shorter above. 

Growing on rocks in the upper littoral belt. Ranging from central 
to southern California. 

Bornet and Flahault, Rev. II, 1886, p. 355; Collins, Holden and 
Setchell, Phyc. Bor.-Amer. (Exsicc.), no. 1561. Rivularia hemi- 
sphaerica Kuetzing, Actien, 1836 (cf. note under Bibliography). 


Rivularia atra var. confluens (Kuetz.) Bornet 

Thallus a flat confluent mass, 2-5 cm. across, adhering firmly to 
rock, deep blue-green, glossy; filaments closely adhering; sheaths 
hyaline when young, colored in zones with age ; trichomes 5-7/1 diam., 
170/1 long; heterocysts 7-10/i diam., nearly spherical, very numerous. 

Growing on dripping rocks at high-tide level and above. Carmel 
Bay, Monterey County, California. 

Bornet, Alg. do Schousb., 1892, p. 189 (p. 29, Repr.) ; Collins, 
Holden and Setchell, Phyc. Bor.-Amer. (Exsicc.), no. 2107. Euactis 
confluens Kuetzing, Sp. Alg., 1849a, p. 341, Tab. phyc., vol. 2, 1850- 
52, p. 24, pi. 77, fig. 1. 


3. Rivularia nitida Ag 

Thallus variable in shape, spherical, and sometimes hollow, or 
expanded and plicate corrugate; up to 3 cm. diam.; olive green; fila- 
ments crowded ; sheath narrow, close fitting, indistinct below, slightly 
expanding upward, hyaline or yellowish brown ; trichomes 2-5/* diam., 
olive green, prolonged into a very narrow long hair; cells 3-4 times 
longer than the diameter below, but the upper cells shorter than the 
lower. 

Growing on mud near high-water mark. St. Michael, Alaska. 

Agardh, Dispositio Alg. Suec., 1812, p. 44 ; Bornet and Flahault, 
Rev. II, 1886, p. 357 ; Setchell and Gardner, Alg. N.W. Amer., 1903, 
p. 198. 

The specimen from Alaska credited by us to this species seems to 
agree in microscopic details with the descriptions and in habit very 
well with figure 1, on plate 2518 of the Flora Danica (1849). 
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4. Rivularia mamillata S. and G. 

Plate 6, fijr. 19 

Thalli 0.5-1 mm. diam., bright blue-green or brownish; spherical 
or irregular in outline, more or less confluent, forming congested, pul- 
verulent layers, or scattered among other Myxophyceae; filaments 
repeatedly false branched, spreading widely above, separating only 
under considerable pressure; sheath hyaline below, yellowish brown 
above, distinct below but very thin above, ocreate, trichomes tapering 
gradually from the base upward, terminating in a long hyaline hair, 
4-5ju diam. at base; cells 2-5/a long, slightly torulose, blue-green, de- 
cidedly granular; heteroeysts spdierical to bluntly conical, 5.5-8/a diam. 

Growing on decaying logs along high-tide levcd in somewhat shaded 
localities. Cape Flattery, Washington. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. Ill, 1918a, 
p. 475, pi. 40, fig. 19. 

This si>€cies closely resembles K. nitida Ag. but has more distinct, 
ocreate sheaths, larger trichomes with sliorter cells, and a less ample 
thallus. 


FAMILY 6. STTGONEMATACEAE kirchner 

Filaments free, or forming a pannose or pulvinate stratum, or 
united into definite, more or less gelatinous colonies, compost'd of a 
single series of cells or of two or more series within a sheath, resulting 
from cell divisions in two or more planes; branches connately joined 
or in some genera both true and false branches; cells cylindrical, 
subspherical, or irregularly angular; heteroeysts intercalary or term- 
inal on short lateral branches; multiplication by hormogonia and by 
resting spores. 

Kirchner, in Engler and Prantl, Natiirl. Pflanzenfam. 1, Th. 1, 
la Abt., 1898, p. 80. Stigonemcae Hassall, Brit. F. W. Alg., vol. 1, 
1845 (also editions of 1852 and 1857), p. 227. Sirosiphoniaceae Rabcn- 
horst, FI. Eur. Alg., vol. 2, 1865, p. 2; Bomet and Flahault, Rev. 
Ill, 1887, p. 51. Stiganemaceae Porti, in De-Toni, Syll. Alg., vol. 5, 
1907, p. 562. 

Bornet and Flahault (1887, p. 51) use the name Sirosiphoniaceae 
of Rabenhorst (1865, p. 2), but Sirosiphon has been dropped from 
the list of valid genera. It seems necessary to reject the name (cf. 
Art. 52, Regl. Intern de la Nom. Bot., 1906) and to adopt Hassall ’s 
name of 1845 (p. 227) giving it the form adopted by Porti. This form 
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‘‘Stigonemataceae’^ is orthographically correct and is more according 
to custom than “ Stigonemaceae * ’ adopted by Forti 1907, p. 562. 

We have increased the scope of the family by removing from the 
Rivulariaceae the genus Brackytrichia and placing it here. Although 
the species of this genus have trichomes with terminal hairs, yet so do 
the trichomes of Mastigocoleus, which is assigned to this family by 
Bornet and Flahault {loc, cit., pp. 53, 54). The branching in Mastigo- 
colens is mainly true branching but the piliferous branches appear 
to be false. From our point of view the branching in BrachytrichUi 
is always true branching and we place it in Stigonemataceae near 
Mastigocoleus and Nostochopsis. 

The majority of the Stigonemataceae are terrestrial or inhabitants 
of the fresh waters. Only two genera are made up of marine species. 

Key to the Genera. 

1. Shraths not diffluent, shell or lime rock borers 29. Mastigocoleus (p 110) 

1. Sheaths diffluent into a definite gelatinous thallus, not boring 

30. Brachytrichia (p 111) 


29. Mastigocoleus Lagerh. 

Filaments associated into tangled masses, branching freely and 
boring into the shells of various mollusks or into lime rock, mostly 
single within a sheath and of uniform diameter, or at times two or 
more within the same sheath and attenuated into long hyaline hairs, 
generally extending beyond the surface; branching mostly true, but 
double piliferous branches false; hcterocysts single, terminal, or on 
short lateral branches; hormogonia formed in the piliferous branches. 

Lagerheim, Note sur le Mastig., 1886, p. 65. 

The single species thus far described for the genus Mastigocoleus 
inhabits dead shells of bivalves, boring its way into the calcareous 
material or sometimes boring into calcareous cliffs. Two sorts of 
branches occur, some bearing liairs and some devoid of hairs. The 
former are hormogonial and are often formed two in the same sheath 
and are false, after the fashion of the branching in Scytoncma. The 
hair bearing, or piliferous branches reach to the surface of the shell. 
At the bases the true brandies arise from a V-shaped stnicture similar 
to that of Brachytrichia. 

Tlie multiplication in Mastigocoleus is, according to Bornet and 
Flahault (1889, p. 17) entirely by hormogonia, the coccogonioid multi- 
plication attributed to it by Lagerheim being founded on certain 
states of the associated species of Hyella. 
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Mastigocoleus testarum Lagerh. 

Plants forming thin membranaceous layers at first, soon boring into 
the shells of mollusks, pale blue-green ; filaments variously contorted; 
6-10/* thick; sheaths very delicate, hyaline; trichomos 3.5-6/* thick, 
cells cylindrical or subcjdindrical ; heterocysts elliptical or spherical, 
6-18/* diam. 

Growing in oyster shells. San Francisco Bay, California. 

Lagerheim, Note sur le Mastig., 1886, p. 65, pi. 1; Bornet and Fla- 
hault. Rev. Ill, 1887, p. 54; Setchell, Notes on Cyanophyceae 111, 
1899, p. 47. 

Mastig ocoloAis testarum is abundant in oyster shells on the New 
England coast. These mollusks have been introduced into San Fran- 
cisco Bay and plants growing on tho.se are the only reported ones in 
our region. They are thus probabl 3 '^ not indigenous. Something sim- 
ilar has al.so been found in the thin .shell of some bivalves at San Pedro, 
California. The material, however, is scanty and fragmentary. 
Further searcli and comi)arison is nece.ssary to establish the true .status 
of the genus as regards our coast. 


30. Brachytrichia Zanard. 

Colonies more or less spherical, compo.sed of a mass of filaments 
embedded in a firm, gelatinous matrix, .solid when young, later becom- 
ing more or less inflated, somewhat cavernous, and usually plicate and 
rugo.se ; filaments intertwined below, giving rise to numerous en^ct, 
true branches at the ends of loops, becoming parallel and attenuated 
toward the surface of the colony; heterocysts intercalary; spores 
unknown. 

Zanardini, Phj'c. Ind. Pug., 1872, p. 24. 

The t.vpe .species is Brachytrichia rivulariaidrs Zanard. (1872, 
p. 24), which is identifi(‘d with tlm Nostoc Quoyi Ag. (1824, p. 22), the 
t 3 ^pe of which was collected at the Mariana Islands by Gaudichaud. 
Zanardini ’s type came from Sarawak, and this species seems more or 
less common through the Tndo-Mala\'^an region. The Brachytrichia 
Quoyi is large, firmly gelatinous, bullate, and dark green, while 
certain other species are flattened and brownish. 

The branching of filaments in Brachytrichia is unique. The fila- 
ments at first are more or less horizontal. At certain points in them 
lateral loops are formed, sometimes only a few cells long, at other 
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times many cells long (pi. 7, fig. 27). One cell at the end of the 
loop divides lengthwise, cutting off a cell which becomes the basal cell 
of a branch which develops toward the surface, giving the appearance 
of dichotomous branching, although virtually a single filament gives 
rise to a single lateral branch at certain intervals. Occasionally after 
the cortical portion of the thallus becomes dense, branches develop 
without the formation of loops (pi. 7, fig. 28). This is in reality 
true branching, for the erect filament is connately joined to the parent 
filament. Soon a hetcrocyst is formed near the base of the erect 
branch and eventually the upper part develops into a Calothrix-Vika 
filament tapering to a very delicate, hair-like point. Other intercalary 
heterocysts may appear. These masses of erect parallel filaments form 
the cortical portion of the thallus. 

The branching in Brachytrichia is similar to that of Mastigocoleus, 
Nostochopsis and Herpyxonema, The trichomes in the last mentioned 
genus have branches (cf. Weber-van Bosse, 1913, pp. 36, 37) with 
V-shaped bases, and seemingly must arise exactly as do those in 
Brachytrichia. We feel certain that these arc true branches and that 
the genus is closely related to Brachytrichia, differing in lack of hairs 
and in not forming a g(*latinous thallus. 


Brachytrichia affinis kS. and G. 

Plate 7, figs. 27, 28 

Thallus small, 0.5-2 cm. diam., deeply plicate, bullate, cavernous, 
cartilaginous, light blue-green, or brownish with age ; filaments intri- 
cate, loosely intertwined below, very densely crowded and parallel 
above, and tapering gradually into delicate hairs; cells of the lower 
interior filaments slightly ventricose, 4-5ft diam., 1.5-2 times as long 
as broad; cells of the erect filaments spherical to doliiform toward 
the base, 7-9/Lt diam., terminal cells 1/x diam. ; heterocysts spherical or 
slightly compressed. 

Growing in rock pools in the middle littoral belt. Laguna Beach, 
Orange County, California. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. Ill, 1918«, 
p. 475, pi. 41, figs. 27, 28. Brachytrichia Quoyi Guernsey, Notes on 
Mar. Alg., 1912, p. 195; Collins, Holden and Setchell, Phyc. Bor.- 
Amer. (Exsicc.), no. 2106 type (not of Bornet and Plahault). 

Brachytrichia Quoyi was accredited to our coast by Bomet and 
Plahault (Rev. II, 1886, p. 373) on the authority of Grunow, but 
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Agardh, Syst. Alg., 1824, p. 70 ; Bornet and Flahault, Rev. I, 1886, 
p. 353; Bornet and Thuret, Notes Algol. II, 1880, p. 159, pi. 38; 
Setchell and Gardner, Alg. N.W. Amer., 1903, p. 197 ; Collins, Holden, 
and Setchell, Phyc. Bor.-Amer. (Exsicc.), no. 1720. Confcrvu scopU‘ 
lorum Weber and Mohr, Reise durch Schweden, 1804, p. 195, pi. 3, 
figs. 3a, 35. 

A fairly and readily recognizable species, possibly to be confused 
with C, Crustacea when the intercalary hetcrocysts of the latter are 
scanty, growing usually on rocks but occasionally on wood, seldom 
as an epiphyte, but this condition not seen, as yet, in our territory. 

4. Calothrix Contarenii (Zan.) B. and F. 

Filaments forming a blackish green, smooth, glistening, compact, 
orbicular stratum, parallel, erect, moderately flexuous, up to 1 mm. 
high, 9-15/1 diam., decumbent and thickened at the base; shealhs some- 
what thick, hyaline or dark yellowish brown, homogeneous or lamellate, 
dilated above; trichomes 6-8/i. diam., prolonged above into a long, deli- 
cate hair when actively growing; c(41s ecpialing the diameter or 2-3 
times shorter; heterocysts 1-2, basal. 

Growing sparsely on rocks near high-tide level. Southern Wash- 
ington, central California, southern California. 

Bornet and Flahault, Rev. I, 1886, p, 344. Rivularia Contarenii 
Zanardini, Sulle Alghe, 1839, p. 134. 

This species is very close to the last {C, scopulorum) but is to be 
distinguished by its habit and its somewhat larger and more flexuous 
filaments. The specimens referred here have been subject to careful 
examination and seem rather to belong to C. Contarenii than to 
C. scopulomni. The number of basal hetcrocysts in C, Contarenii is 
given as ‘‘1-2,^^ but there are three or more in most of our specimens. 

5. Calothrix pulvinata (Mert.) Ag. 

Filaments erect, flexuous, agglutinated into small irregular 
fascicles, 2-3 mm. high, 15-18/a diam., slightly enlarged at the base, 
sparingly false branched, forming expanded, spongy, dull green 
layers; sheaths thick, firm lamellate, hyaline or brownish; trichomes 
8-12/1 diam., olive green, attenuated into a short hair; cells 2-3 times 
shorter than the diameter. 

Growing on woodwork, floating logs, etc. Along high-tide line and 
in salt marshes. Puget Sound, Washington, to central California. 
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Agardh, Syst. Alg., 1824, p. 71 ; Bornet and Plahault, Rev. I, 1886, 
p. 356 ; Setchell and Gardner, Alg. N.W. Amer., 1903, p. 197 ; Collins, 
Holden and Setchell, Phyc. Bor. -Amer. (Exsicc.), no. 957 ; Bornet and 
Thuret, Notes Algol. II, 1880, pp. 39, 161. Ceramium pulvinatum 
Mertens, in Jurgens, Alg. Aquat. Decas IV, 1817, no. 5. 

This is a very distinct species in typical form because of its 
peculiar symplocoid habit. Even when this habit is obscure the 
filament and trichome are fairly typical. Our coast lacks its favorite 
habitat of piles and logs exposed to fairly pure and fairly warm salt 
water. 


6. Oalothrix parasitica (Chauv.) Thur. 

Filaments aggregated among the cortical threads of Nemalion, 
blue-green, 0.5 mm. high, 9-10/i diam. (rarely 12-15/a diam.), slightly 
thickened in the middle, bulbous and curved at the base, up to 24/a 
thick ; sheath thin, hyaline, often dilated at the apex ; trichomes 7-8/a 
diam., cells short, prolonged into a very long, flexuous, hyaline thread 
above; heterocysts basal; several hormogonia in a sheath, 4r-5 times 
as long as the diameter; color intense blue-green. 

Growing in the fronds of Nemdlio7i luhricum. Probably co-existent 
with the host along the Pacific Coast. 

Thuret, Essai, 1875, p. 381 {nomen nudAim) ; Bornet and Thuret, 
Notes Algol, II, 1880, p. 157, pi. 37, figs. 7-10 ; Bornet and Flahault, 
Rev. I, 1886, p. 357. Bivvlaria parasitica Chauvin, Rcch. sur Torgan 
la fructification, 1842, p. 41. 

The same species grows in the fronds of Nemalion multifidum on 
the Atlantic coasts of the United States and Europe. It seems to have 
no deleterious effect upon either species of Nemalion, and while it 
seems always to be associated with that genus, it has never been proven 
to be really parasitic upon it in the sense of obtaining nourishment. 

There is some variation in the specimens found in Nemalion on 
both the Pacific Coast of North America and the Atlantic coasts of 
North America and Europe. The base is often swollen but not really 
bulbous. The sheath is sometimes strict and hyaline, but also often 
ample, brownish, and ocreate above. The trichomes are at times toru- 
lose, and again they show nothing of the sort* The heterocysts vary 
ill different collections from one to four. These may be differences of 
age or of luxuriance of development, but also there may be more than 
one species confused under this name. 
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7. Oalothrix epiphytica W. and G. S. West 

Filaments epiphytic upon larger algae, solitary or aggregated 
into small clusters, attached at the base and erect, or procumbent, 
5-7.5/i diam., 250fi, rarely 350/u., long, gradually attenuated from the 
base to the apex, not branched; sheath transparent and colorless, 
inconspicuous ; trichomes aeruginous, 3.5-4/I diam. at the base, taper- 
ing gradually into a delicate hair at the apex ; cells quadrate, slightly 
longer above and shorter below, heterocysts small, solitary, basal. 

Growing on Rhizoclomum riparium var. polyrhizum Rosenv., on 
sand rock along high-tide level. Near the mouth of Tomales Bay, 
Marin County, California. August, 1910. No. 3440, Gardner. Dis- 
tributed in Collins, Holden, and Setchell, Phye. Bor.-Amer. (Exsicc.), 
no. 2238a, on the above mentioned host. 

West, W., and G. S., Welwitsch’s African Alg., 1897, p. 240. 

The type was found growing on Oedogonmm sp. on the bank of 
the River Bero at Massamodes, Africa, August, 1859, no. 190, Wel- 
witsch. 

This is tlie first and only locality on our coast from which this 
species of Calothrix has been reported. The material is mixed with 
Lynghya WilLei S. and G. and is not very abundant. It seems strange 
to find a fresh water species on the edge of an ocean and it may be 
that our plant is different from that of the Wests. The agreement 
seems too close, however, to refer it elsewhere, but the material is not 
sufficiently abundant to make the determination thoroughly satis- 
factory. 


8. Calothrix Crustacea Thurot 

Filaments caespitose, or velvety and widely expanded, dark green 
or brownish, erect, straight, dense, 1-2 mm. high, 12-20/* even up to 
40/* diam., thickened at the base; sheaths somewhat thick, hyaline or 
yellowish brown, mostly lamellate, ocreate; trichomes olive green, 
8-15/* diam., prolonged above into a very delicate acute hair; cells 
short, heterocysts 1-3, basal and intercalary ; hormogonia numerous in 
a sheath, 4-5 times as long as the diameter; ‘‘spores seriate, oblong- 
cylindrical, smooth.’’ 

Attached to sticks, weeds, and stones in salt marshes, in the upper 
littoral belt. Washington to California. 

Thuret, Notes Algol. I, 1878, pp. 13-16, pi. 4 (figures 5, 6 drawn 
from living material collected at Croisic) ; Setchell and Gardner, Alg. 
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N.W. Amer., 1903, p. 197 ; Collins, Holden, and Setchell, Phyc. Bor.- 
Amer. (Exsicc.) nos. 1212, 2104. 

This species presents a great variety of variations. As interpreted 
by Thuret and by Bornet and Plahault the variation in the diameter 
of the filaments is from 12/a to 40/a. A variation so great as this has 
not been reported in any other species of the genus. It may be that 
we are dealing here with a heterogeneous group. The heterocysts are 
basal and intercalary, varying from one to several in each position. 
In its multiplicity of branching there is great diversity. Some collec- 
tions have the filaments almost wholly without branching. This is 
considered to be the typical form. In other collections there are 
intermingled specimens without branches and those with profuse 
branching approximating to such species as C. prolifera Flah., C, 
fasciculata Ag., and even to the extreme represented by C. vivipara 
Harv. 


9. Calothrix rectangularis S. and G. 

Plate 6, fig. 21 

Filaments simple or occasionally sparsely branched, attached at 
the base to various other algae, prostrate when young, soon becoming 
erect, 400-500/a long, 24-28/a diam. at the base ; trichomes 16-18/a diam. 
at the base, tapering gradually upward nearly to the apex, then rather 
abruptly ending in a short hair; cells 2-4/a long, protoplasm finely 
granular, pale blue-green; sheath hyaline when young, changing to 
light yellow with age, strict at the apex ; heterocysts basal and inter- 
calary, the basal spherical to subconical, the intercalary cylindrical, 
usually single, near the base of the trichome, 18-25/a long, the same 
diameter as the trichome. 

Epiphytic on various species of marine algae, near low-tide level. 
East Sound, Orcas Island, Washington. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. Ill, 1918a, 
p. 472, pi. 40, fig. 21. 

This species comes within the range of measurements stated by 
Bomet and Flahault (Rev. I, 1886, p. 369) for the diameter of the 
filaments of C, Crustacea Thuret with which it seems to be most closely 
related, the filaments are, however, much shorter than the measure- 
ments given for that species. The small size, the habit of growth on 
other algae, the presence of cylindrical, intercalary heterocysts always 
near the base of the trichomes, the infrequency of branching, and the 
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strict sheath seem suflScieut to separate this species from any of the 
forms of C. Crustacea. The cylindrical heterocysts above mentioned, 
appearing rectangular to the view, are sufficiently striking to suggest 
the specific name. 


10. Galothrix prolifera Flahault 

Layer expanded, velvety, brownish green; filaments 2 mm. high, 
15-18)11 thick, slightly fiexuous, curved at the base and noticeably 
tJiickened, at times falsely branched, branches emerging from beneath 
a heterocyst after the fashion of Tolypothrix; sheath thick, lamellate, 
firm, many times ocreate, with the ocreae dilated and lacerate ; above 
hyaline, below yellowish ; trichomes 8-12jLi thick, bright verdigris green, 
attenuated at the apices into hairs, cells 3-4 times shorter than the 
diameter; heterocysts basal (1-2) and intercalary (numerous). 

Growing among other algae on boards in salt marshes. San Fran- 
cisco Bay, California. 

Flahault, in Bornet and Flahault, Rev. I, 1886, p. 361. Calothrix 
Crustacea f. prolifera Collins, m Collins, Holden and Setchell, Phyc. 
Bor.-Amer. (Exsicc.), no. 1168. 

This is one of the near relatives of Calothrix Crustacea which helps 
to make the whole Crustacea group of species (or varieties!) puzzling. 
At times this species is well developed and seemingly distinct, but the 
specimens referred to it here are too close to C. Crustacea to be at all 
satisfactorily placed under a separate species. The same, however, 
may be said of specimens often placed under both C. fasciculata and 
C. vimpara. It has seemed best to continue the Bomet and Flahault 
arrangement for the present, or until culture experiments can be car- 
ried out to determine the polymorphism that may exist. 


11. Galothrix vivipara Harv. 

Filaments decumbent and intricate at the base, becoming erect 
and parallel, 3-5 mm. high, 12-24fi diam., somewhat fiexuous, false 
branching numerous and usually in pairs as in Scytonema, forming 
broadly expanded, velvety coating on rocks; sheaths fairly thick, 
somewhat mucous, homogeneous, hyaline, or becoming yellowish 
brown; trichomes olive green, 9-15/a diam., gradually attenuate from 
the base upward, prolonged into a hair; cells quadrate or shorter than 
the diameter ; heterocysts basal or intercalary, 2-4 seriate. 
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Growing in rock depressions of the breakwater, San Pedro, Cali- 
fornia. This is the only known locality on the Pacific Coast of North 
America. 

Harvey, Ner. Bor.-Amer. Ill, 1858, p. 106; Bornet and Plahault, 
Rev. I, 1886, p. 362; Collins, Holden and Setchell, Phyc. Bor.-Amer. 
(Exsicc.), no. 2105. 

The only specimen we have found suflSciently characteristic to 
refer confidently to this species has been compared with a fragment 
of the type specimen from Sakonnet Point, Rhode Island. The two 
agree very well indeed, except that our specimen shows more abundant 
and seemingly more characteristic branching. 


12. Oalothrix pUosa Harv. 

Plate 8, fig. 4 

Filaments forming a widely expanded, caespitose, pilose, dark blue- 
green stratum, decumbent, and densely interwoven at the base, both 
ends erect above, elongate, rigid, 2~10 mm. high, 10-40/a thick ; sheaths 
firm, thick, golden, at times yellowish brown, subopaque, homogeneous ; 
trichomes 10-20/a diam., olive brown to pale blue-green, briefiy attenu- 
ated above ; heterocysts basal and intercalary. 

Forming a dense velvety coating on rocks in tide pools along 
high-tide level, or often above. Point Carmel, in the vicinity of 
Carmel Bay, California. 

Harvey, Ner. Bor.-Amer. HI, 1858, p. 106, pi. 48c; Bomet and 
Flahault, Rev. I, 1886, p. 363; Collins, Holden and Setchell, Phyc. 
Bor.-Amer. (Exsicc.), no. 859. 

The plants referred here were all found in a single locality, viz., 
Point Carmel in Monterey County, California, but were collected in 
different years and months and independently by each of us. They 
form velvety linings to minute pools high up in the littoral region 
where the water is much warmed and concentrated by the sun. It 
is usual to find salt crystals in these pools, to such an extent has the 
evaporation proceeded. Harvey describes and figures the branches 
as single and after the fashion of 0 . prolifera, and his figures agree 
in all respects with a fragment of the type of (7. pilosa. Certain of 
our specimens show the same method. Others with decumbent base 
show branching similar to C. fascicuLata, and still others with the same 
sort of base show the branching of C. vivipara. 



1919] 


Setchell-Oardner: Myxophyceae 


103 


26. Dichothrix Zanard 

Filaments aggregated into caespitose or cushion-shaped masses, 
subdichotomously and falsely branched; trichomes 1-6, rarely more, 
within a sheath, tapering above, often ending in a long, hyaline hair ; 
heterocyst basal or intercalary, rarely absent, single or seriate ; plants 
marine or fresh water. 

Zanardini, Plant. Mar. Rubro., 1858, p. 297 (p. 89, Repr.). 

The type of the genus is Dichothrix pemciUata from the Red Sea, 
but the genus now contains about a dozen species distributed through 
both fresh and salt waters, one of which is devoid of heterocysts. It 
has been our experience to find two seemingly good and endemic 
species on our coast. 


Key to the Species. 

1. Hcteroc 3 rsts 2-6 seriate, trichomes 9-llft thick 1. D. seriata (p 103) 

1. Heterocysts single, trichomes 4-5/a thick (at base) 2. D. minima (p 104) 


1. Dichothrix seriata S. and G. 

Plate 6, fig. 20 

Filaments forming a caespitose stratum on rocks, 1-1.5 mm. high, 
25-35/4 diam., erect; repeatedly more or less fasciculately pseudo- 
branched, ultimate branches mostly strict, acuminate; sheath homo- 
geneous, ample, hyaline below, yellowish brown above, strict, not 
ocreate or only slightly so ; trichomes aeruginous, O-ll/x diam., almost 
cylindrical, with acuminate apices; branches long, included in the 
common sheath; cells 2.5-3.5/ji long; heterocysts basal, 2-6 seriate, 
diminishing in size downward, subspherical to disk-shaped. 

Growing on rocks interspersed with Rhodochorton Rothii, in 
sheltered localities along high-tide level. Cape Flattery, Washington. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. Ill, 1918a, 
p. 473, pi. 40, fig. 20. 

Of all the known forms of Dichothrix, D. seriata seems most closely 
related to D, rupicola Collins (1901, p. 290), from which it differs in 
having longer filai^ents, with greater diameter, which are more strict 
at the apices, in having seriate, intercalary heterocysts as well as basal, 
and in the sheaths not being ocreate. 
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2. Dichothriz minima S. and O. 

Filaments forming small, dense clusters 80-140/i. high; trichomes 
few, 2-5, and almost wholly included within the common sheath, pale 
aeruginous, tapering gradually upward from the heterocyst, slightly 
torulose, ending in a long hyaline hair ; basal cells 4-5/x diam., quad- 
rate or slightly longer, homogeneous ; hair cells 0.8-1/a diam. ; hetero- 
cysts basal, single, spherical or subconical, slightly larger than the 
trichomes; sheath strict, at first hyaline, soon becoming brown and 
distinct. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. Ill, 1918a, 
p. 474. 

Growing in small tufts on Enteromorpha sp. along high-tide level 
and above. Chuckanut Quarry near Bellingham, Washington. 

The type material of Dichothrix mmima was collected in July, 
1899. There was a very small quantity and it was placed in the 
Herbarium of the University of California under no. 100,341, awaiting 
the accumulation of other material. The locality has not been, revisited 
and other material has not been reported from elsewhere. It is hoped 
that this description may stimulate further search for it. 


27. Isactis Thuret 

Filaments erect, parallel, densely crowded, and coalescent into a 
compact layer attached to the substratum, simple or sparsely branched ; 
heterocysts basal; reproduction by spores unknown. 

Thuret, Essai Class. Nost., 1875, pp. 376, 382; Bornet and Fla- 
hault, Brcv. I, 1886, p. 343. 

The diagonals given by. Thuret (loc, dt., p. 376) was short, but yet 
to the point. Isactis is a habit genus differing from Rivularia in its 
more simple trichomes which are crowded and parallel. This gives 
rise to flattened, more or less orbicular layers instead of spherical, 
hemispherical, or more or less convex and lobed expansions. 


Isactis plana (Harv.) Thuret 

Fronds scarcely 0.5 mm. thick, spread out indefinitely on the 
surface of rock, dark green ; filaments densely crowded, mostly simple ; 
trichomes 7-9/a diam., light blue-green, tapering into a delicate hair 
above when young. 
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Thuret, Essai, 1875, p. 382; Bomet and Thuret, Notes Algol. II, 
1880, p. 163, pL 40 ; Bomet and Flahault, Rev. II, p. 344. Bivularia 
plana Harvey, in Hooker, Brit. FL, 1833, vol. 2, part 1, p. 394. 

The only two species thus far described are Isactis plana (Harv.) 
Thuret and /. centrifnga Bornet. Our plants seem to belong to the 
former and both varieties are represented on our coast. 


Isactis plana var. plana B. and F. 

Plate 1, figs. 8, 9 

Layer not zonate as a rule; filaments unbranched or nearly so, 
cohering together. 

On rocks. Puget Sound, Washington, to southern California. 
Bomet and Flahault, Rev. II, 1886, p. 345. 


Isactis plana var. fissurata B. and F. 

Layer more or less zonate; filaments pseudoramose, tightly co- 
hering. 

On rocks. Unalaska, Alaska. 

Bornet and Flahault, Rev. II, 1886, p. 345; Setchell and Gardner, 
Alg. N.W. Amer., 1903, p. 198. 

28. Rivularia Ag. 

Thallus hemispherical, globose or irregularly lobed, at times 
cavernous, or confluent into a solid expanded stratum; filaments 
radiating from the center, or from the base, repeatedly false branched, 
heterocysts basal, some species producing cylindrical spores contiguous 
to the heterocyst. 

C. Agardh, Disp. Alg. Suec., 1812, p. 43, Syn. Alg. Scand., 1817, 
pp. xxxviii, 130, 131, Syst. Alg., 1824, p. xix; Roth, Neue Beitr. z. 
Bot., 1803, p. 261 (pro parte). Cat. Bot., vol. 3, 1806, p. 332 (pro- 
parte) (not of Roth, Cat. Bot., vol. 1, 1797, p. 212; or Tent. Flor. 
Germ., vol. 3, 1800, p. 543) ; Bomet and Flahault, Rev. Nost. Het. I, 
1886, p. 345. 

The status of the name Rivularia was made plain and current by 
the action of the Third International Botanical Congress at Brussels 
in 1910, when it fixed the starting point of the nomenclature of the 
heterocysted Nostocaceae with Bomet and Flahault ’s ‘‘Nostocac6es 
H^terocystees.'^ The history of the name, however, is both interesting 
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and confusing. The first genus Rwularia was established by Roth in 
1797 (p. 212). The two species assigned to it are both of the earlier 
genus Chaetophora Schrank (1783, p. 124). In 1800 (pp. 544-546), 
Roth listed three species, all of the present Chaetophora. In 1803 
(pp. 261-285), however, Roth increased the genus as to the number 
of species, adding some true Bivularias, and in 1806 (pp. 332-341) 
he still further added to it additional Rivularia species as now 
reckoned. In 1812 (p. 42) C. Agardh separated the species of 
Chaetophora from the others and also refounded Rwularia (loc. cit., 
p. 43) in very nearly the sense in which we now use it. He repeated 
his account later in 1817 (p. xxxviii) and even again in 1824 (p. 24). 
The genus, then, had been refounded and well established even before 
the Portacus of Rafinesque (1819, p. 107) had been proposed. 

Key to the Species. 

1. Filaments separating from one another readily under pressure 

1. R. Biasolettiana (p 106) 

1. Filaments separating from one another with difficulty under pressure 2 

2. Fronds spherical or nearly so, at times more or less confluent into a layer.... 3 

2. Fronds globose to plicate-corrugate, expanded, often hollow 

3. B. nitida (p 108) 

3. Fronds spherical or irregular, 0 . 5-1 . 0 mm. in diam., often gregarious and partially 

confluent into a pulverulent layer 4. B. mamilUta (p 109) 

3. Fronds spherical or hemispherical, 3-5 mm. in diam., confluent (in var. conflnana) 
into a flat, smooth layer 2. B. atra (p 107 ) 


1. Rivularia Biaaolettiana Menegh. 

Thallus gelatinous, at first hemispherical, later becoming diffluent 
and broadly expanded, warty and cushion-shaped, often becoming 
encrusted with lime, dark olive green, becoming yellowish or brownish 
on the surface ; filaments densely crowded, ISfi diam. ; sheaths ample, 
mucous, lamellate, funnelform, hyaline or yellowish, or alternating 
hyaline and yellowish giving the thallus a zonate appearance ; 
trichomes 5-9fi diam., prolonged into a delicate, fiexuous hair; cells 
in basal portion slightly shorter than the diameter, one-third the 
diameter above, heterocyst oblong, basal, 1-3 seriate, or rarely inter- 
calary. 

Growing on dripping rocks in both fresh and salt water along 
high-tide line and above. Ranging from Unalaska, Alaska, to south- 
ern California. 

Meneghini, in Zanardini, Syn. Alg. Mar. Adr., 1841, p. 42 ; Setchell 
and Gardner, Alg. N.W. Amer., 1903, p. 198 ; Saunders, Alg. Harri- 
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man Exped., 1901, p. 399 ; Bomet and Flahault, Rev. II, 1886, p. 352 ; 
Collins, Holden and Setchell, Phyc. Bor.-Amer, (Bxsicc.), no. 358; 
Tilden, Amer. Alg. (Exsicc.), no. 570. Rivvlaria mtida Tilden, Amer. 
Alg. (Exsicc. ) , no. 571 (not of Agardh ) . Rivularia atm var. coadi^naia 
(Sommerf.) Bornet, Les Nost. Het. Syst. Alg., 1889, p. 6. Lmckia 
aim var. coadunata Sommerfelt, Suppl. PI. Lapp., 1826, p. 201. Rivu- 
laria coadunata Poslie, Contrib. Knowl. Mar. Alg. Norway II, 1891, 
p. 56 (p. 21, Repr.) ; Porti, in De-Toni, Syll. Alg., vol. 5, 1907, p. 667. 

This species is not uncommon and is more often growing in strictly 
fresh water than in salt water. It grows on rocks and on hard soil, 
among mosses, etc., where fresh water from springs or streams trickles 
over it, but frequently the layers extend down into the salt water 
where it seems to thrive. 

It seems best to retain the name of Rivularia Biasolettiana as 
chosen by Bornet and Plahault {lac. cit.) as against R. coadunata 
(Sommerfelt) Poslie, and an additional reason exists for this choice, 
since the name coadunata^ as used by Sommerfelt, was simply varietal 
and was raised to specific rank subsequent to the proposal of Biasolet- 
tiana as specific (cf. Regl. Intern, de la Nom. Bot., Vienna, 1906, 
Art. 49). 


2. Rivularia atra Roth 

Thallus spherical, solitary or confiuent, blackish green, up to 4 mm. 
diam. ; filaments thickly compacted, not separating readily under 
pressure; sheaths thin, scarcely distinct, ampliate above, hyaline or 
yellow; trichomes 2.5-5ft thick, verdigris green, produced above into 
a slender hair ; lower cells scarcely longer than broad, upper shorter. 

On various solid living and non-living substrata. California. 
Dr. C. L. Anderson (fide. Bomet and Plahault, loc. cit., p. 355). 

Roth, Cat. Bot., vol. 3, 1806, p. 340 ; Bornet and Plahault, Rev. II, 
1886, p. 353. 

This species is given by Bornet and Plahault as occurring on the 
coast of California. The specimens we have seen belong to one or 
another of the two following varieties. 


Rivularia atra var. hemisphaerica (Kuetz.) B. and P. 

Plate 8, figs. 1, 2' 

Thallus hemispherical, firm, solitary, or occasionally slightly con- 
fluent by close proximity to others, of very dark green color, black 
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when dry, 3-5 mm. diam. ; filaments crowded; sheaths narrow, firm, 
inconspicuous below, spreading and slightly colored above ; trichomes 
2.5-5/a diam., blue-green, prolonged into a long, delicate, hyaline 
thread above ; cells of equal diameter below, shorter above. 

Growing on rocks in the upper littoral belt. Banging from central 
to southern California. 

Bomet and Flahault, Rev. II, 1886, p. 355; Collins, Holden and 
Setchell, Phyc. Bor.-Amer. (Exsicc.), no. 1561. Rivularia hemi- 
sphaerica Kuetzing, Actien, 1836 (cf. note under Bibliography). 


Rivularia atra var. confluens (Kuetz.) Bornet 

Thallus a fiat confiuent mass, 2-5 cm. across, adhering firmly to 
rock, deep blue-green, glossy; filaments closely adhering; sheaths 
hyaline when young, colored in zones with age ; trichomes 5-7/i diam., 
170/a long; heterocysts 7-10/a diam., nearly spherical, very numerous. 

Growing on dripping rocks at high-tide level and above. Carmel 
Bay, Monterey County, California. 

Bomet, Alg. de Schousb., 1892, p. 189 (p. 29, Repr.) ; Collins, 
Holden and Setchell, Phyc. Bor.-Amer. (Exsicc.), no. 2107. Euactis 
confluens Kuetzing, Sp. Alg., 1849a, p. 341, Tab. phyc., vol. 2, 1850- 
52, p. 24, pi. 77, fig. 1. 


3. Rivularia nitida Ag. 

Thallus variable in shape, spherical, and sometimes hollow, or 
expanded and plicate corrugate; up to 3 cm. diam.; olive green; fila- 
ments crowded ; sheath narrow, close fitting, indistinct below, slightly 
expanding upward, hyaline or yellowish brown ; trichomes 2-5/a diam., 
olive green, prolonged into a very narrow long hair; cells 3-4 times 
longer than the diameter below, but the upper cells shorter than the 
lower. 

Growing on mud near high-water mark. St. Michael, Alaska. 

Agardh, Dispositio Alg. Succ., 1812, p. 44 ; Bomet and Flahault, 
Rev. II, 1886, p. 357 ; Setchell and Gardner, Alg. N.W. Amer., 1903, 

p. 198. 

The specimen from Alaska credited by us to this species seems to 
agree in microscopic details with the descriptions and in habit very 
well with figure 1, on plate 2518 of the Flora Danica (1849). 



1919] 


Setchell-Gardner: Myxophyceae 


109 


4. Bivnlaria mamillata S. and Q. 

Plate 6, fig. 19 

Thalli 0.5-1 mm. diam., bright blue-green or brownish; spherical 
or irregular in outline, more or less confluent, forming congested, pul- 
verulent layers, or scattered among other Myxophyceae; filaments 
repeatedly false branched, spreading widely above, separating only 
under considerable pressure; sheath hyaline below, yellowish brown 
above, distinct below but very thin above, ocreate, trichomes tapering 
gradually from the base upward, terminating in a long hyaline hair, 
4r-5fi diam. at base ; cells 2-5/a long, slightly torulose, blue-green, de- 
cidedly granular ; heterocysts spherical to bluntly conical, 5.5-8/a diam. 

Growing on decaying logs along high-tide level in somewhat shaded 
localities. Cape Flattery, Washington. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. Ill, 1918«, 
p. 475, pi. 40, fig. 19. 

This species closely resembles B. nitida Ag. but has more distinct, 
ocreate sheaths, larger trichomes with shorter cells, and a less ample 
thallus. 


FAMILY 6. STIGONEMATACEAE kirchner 

Filaments free, or forming a pannose or pulvinate stratum, or 
united into definite, more or less gelatinous colonies, composed of a 
single series of cells or of two or more series within a sheath, resulting 
from cell divisions in two or more planes; branches connately joine<l 
or in some genera both true and false branches; cells cylindrical, 
subspherical, or irregularly angular; heterocysts intercalary or term- 
inal on short lateral branches ; multiplication by hormogonia and by 
resting spores. 

Kirchner, in Engler and Prantl, Natiirl. Pflanzenfam. I, Th. 1, 
la Abt., 1898, p. 80. Stigonemeae Hassall, Brit. F. W. Alg., vol. 1, 
1845 (also editions of 1852 and 1857), p. 227. Sirosiphoniaceae Raben- 
horst, FI. Eur. Alg., vol. 2, 1865, p. 2; Bomet and Flahault, Rev. 
Ill, 1887, p. 51. Stiganemaceae Forti, in De-Toni, Syll. Alg., vol. 5, 
1907, p. 562. 

Bornet and Flahault (1887, p. 51) use the name SirosipKomaceae 
of Rabenhorst (1865, p. 2), but Sirosiphon has been dropped from 
the list of valid genera. It seems necessary to reject the name (cf. 
Art. 52, Regl. Intern de la Nom. Bot., 1906) and to adopt Hassall ’s 
name of 1845 (p. 227) giving it the form adopted by Forti. This form 
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‘ * Stigonemataceae ” is orthographically correct and is more according 
to custom than ‘‘Stigonemaceae” adopted by Forti 1907, p. 562. 

We have increased the scope of the family by removing from the 
Bivulariaceae the genus Brachytrichia and placing it here. Although 
the species of this genus have trichomes with terminal hairs, yet so do 
the trichomes of Mastigocolcus, which is assigned to this family by 
Bomet and Flahault (loc. cit,, pp. 53, 54). The branching in Mastigo- 
coleus is mainly true branching but the piliferous branches appear 
to be false. From our point of view the branching in Brachytrichia 
is always true branching and we place it in Stigonemataceae near 
Mastigocoleus and Nostochopsis. 

The majority of the Stigonemataceae are terrestrial or inhabitants 
of the fresh waters. Only two genera are made up of marine species. 

Key to the Geneua. 

1. Sheaths not diffluent, shell or lime rock borers 29. Mastigocoleus (p 110) 

1. Sheaths diffluent into a definite gelatinous thallus, not boring 

30. Brachytrichia (p 111) 


29. Mastigocoleus Lagerh. 

Filaments associated into tangled masses, branching freely and 
boring into the shells of various mollusks or into lime rock, mostly 
single within a sheath and of uniform diameter, or at times two or 
more within the same sheath and attenuated into long hyaline hairs, 
generally exfteiiding beyond the surface; branching mostly true, but 
double piliferous branches false; heterocysts single, terminal, or on 
short lateral branches ; hormogonia formed in the piliferous branches. 

Lagerheim, Note sur le Mastig., 1886, p. 65. 

The single species thus far described for the genus Mastigocoleus 
inhabits dead shells of bivalves, boring its way into the calcareous 
material or sometimes boring into calcareous cliffs. Two sorts of 
branches occur, some bearing hairs and some devoid of hairs. The 
former are hormogonial and are often formed two in the same sheath 
and are false, after the fashion of the branching in Scytonema. The 
hair bearing, or piliferous branches reach to the surface of the shell. 
At the bases the true branches arise from a V-shaped structure similar 
to that of Brachytrichia, 

The multiplication in Mastigocoleus is, according to Bornet and 
Flahault (1889, p. 17) entirely by hormogonia, the coccogonioid multi- 
plication attributed to it by Lagerheim being founded on certain 
states of the associated species of Hyella. 



1919] 


Setchell-Oardner: Myxophyceae 


111 


Mastigocoleus testaruxn Lagerh. 

Plants forming thin membranaceous layers at first, soon boring into 
the shells of mollusks, pale blue-green ; filaments variously contorted ; 
6-10/a thick; sheaths veiy" delicate, hyaline; trichomes 3.5-6/1 thick, 
cells cylindrical or subcylindrical ; heterocysts elliptical or spherical, 
6-18/a diam. 

Growing in oyster shells. San Francisco Bay, California. 

Lagerheim, Note sur le Mastig., 1886, p. 65, pi. 1; Bornet and Fla- 
hault. Rev. Ill, 1887, p. 54; Setchell, Notes on Cyanophyceae III, 
1899, p. 47. 

Mastigocoleus testarum is abundant in oyster shells on the New 
England coast. These mollusks have been introduced into San Fran- 
cisco Bay and plants growing on these are the only reported ones in 
our region. They arc thus probably not indigenous. Something sim- 
ilar has also been found in the thin shell of some bivalves at San Pedro, 
California. The material, however, is scanty and fragmentary. 
Further search and comparison is necessary to establish the true status 
of the genus as regards our coast. 


30. Brach3rtrichia Zanard. 

Colonies more or less spherical, composed of a mass of filaments 
embedded in a firm, gelatinous matrix, solid when young,, later becom- 
ing more or less infiated, somewhat cavernous, and usually plicate and 
rugose; filaments intertwined below, giving rise to numerous erect, 
true branches at the ends of loops, becoming parallel and attenuated 
toward the surface of the colony; heterocysts intercalary; spores 
unknown. 

Zanardini, Phyc. Ind. Pug., 1872, p. 24. 

The type species is Brachytrichia rwularioides Zanard. (1872, 
p. 24), which is identified with the Nostoc Quoyi Ag. (1824, p. 22), the 
type of which was collected at the Mariana Islands by Oaudiehaud. 
Zanardini ’s type came from Sarawak, and this species seems more or 
less common through the Indo-Malayan region. The Brachytrichia 
Quoyi is large, firmly gelatinous, bullate, and dark green, while 
certain other species are flattened and brownish. 

The branching of filaments in Brachytrichia is unique. The fila- 
ments at first are more or less horizontal. At certain points in them 
lateral loops are formed, sometimes only a few cells long, at other 
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times many cells long (pi. 7, fig. 27). One cell at the end of the 
loop divides lengthwise, cutting off a cell which becomes the basal cell 
of a branch which develops toward the surface, giving the appearance 
of dichotomous branching, although virtually a single filament gives 
rise to a single lateral branch at certain intervals. Occasionally after 
the cortical portion of the th alius becomes dense, branches develop 
without the formation of loops (pi. 7, fig. 28). This is in reality 
true branching, for the erect filament is connately joined to the parent 
filament. Soon a heterocyst is formed near the base of the erect 
branch and eventually the upper part develops into a CoZo#fcria5-like 
filament tapering to a very delicate, hair-like point. Other intercalary 
heterocysts may appear. These masses of erect parallel filaments form 
the cortical portion of the thallus. 

The branching in Brachytrichia is similar to that of Mastigocoleus, 
Nostochopsis and Herpyxonema, The trichomes in the last mentioned 
genus have branches (cf. Weber-van Bosse, 1913, pp. 36, 37) with 
V-shaped bases, and seemingly must arise exactly as do those in 
Brachytrichia, We feel certain that these are true branches and that 
the genus is closely related to Brachytrichia, differing in lack of hairs 
and in not forming a gelatinous thallus. 


Brachytrichia aflbiis S. and O. 

Plate 7, figs. 27, 28 

Thallus small, 0.5-2 cm. diam., deeply plicate, bullate, cavernous, 
cartilaginous, light blue-green, or brownish with age ; filaments intri- 
cate, loosely intertwined below, very densely crowded and parallel 
above, and tapering gradually into delicate hairs; cells of the lower 
interior filaments slightly ventricose, 4-5fi diam., 1.5-2 times as long 
as broad; cells of the erect filaments spherical to doliiform toward 
the base, 7-9ft diam., terminal cells Ip. diam. ; heterocysts spherical or 
slightly compressed. 

Growing in rock pools in the middle littoral belt. Laguna Beach, 
Orange County, California. 

Setchell and Gardner, in Gardner, New Pac. Coast Alg. Ill, 1918a, 
p. 475, pi. 41, figs. 27, 28. Brachytrichia Quoyi Guernsey, Notes on 
Mar. Alg., 1912, p. 195 ; Collins, Holden and Setchell, Phyc. Bor.- 
Amer. (Bxsicc.), no. 2106 type (not of Bomet and Plahault). 

Brachytrichia Quoyi was accredited to our coast by Bomet and 
Flahault (Rev. II, 1886, p. 373) on the authority of Grunow, but 
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Placomn vwlacca 8. and G. 

Pig. 1. Habit sketch of the thallus. X 75. 

Pig. 2. I’erpcudicular section through young confluent thallus, showing the 
more or less radial arrangement of the cells. X 250. 

Pig. 3. Surface view of a group of ccdls. X 375. 

Dcmuicarpa protea S. and G. 

Pig. 4. A series of gonidangia illustrating different shapes and sizes. X 250. 

Pig. 5. A group of cells showing various stages of gonidial formation. 
X 250. 

Anacystia clabens (Kuetz.) 8. and G. 

Pig. 0. Surface view of a colony, showing tendency to break up into groups 
of Wills. X 125. 

Pig, 7. A single group of cells from the colony. X 500. 

Xcnococeua Cladopliorae (Tilden) S. and G. 

Pig. 8. A group of vegetative cells in various stages of growth and inter- 
spersed gonidangia. X 250. 

rU'urooapsa entophyaaloUlea 8. and G. 

Pig. 9. n-g, A series of vegetative cells in various stages of development; 
h-i, two gonidangia. X 250. 

Pig. 10. Section view through a large colony showing the somewhat ento- 
physaloid arrangement of groups of colls. X 250. 

This plate is a reprint of Gardner, Univ. Calif. Publ. Bot., vol. 0, p. 480, pi. 38. 
1918. 
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Xenocoocus Gilkeyae S. and G. 

Fig. 11. Group of vegetative cells and gonidangia in various stages of devel- 
opment. X 500. 

Xenoooccua pyriformis S. and G. 

Fig. 12. Groups of vegetative cells as viewed from different angles, and three 
gonidangia. X 500. 

Xcnoooccus acervatus 8. and G. 

Fig. 13. Vegetative cells, some showing cell divisions, others showing a heaped- 
up condition as seen in median plane view of tlie host. X 500. 

Dermocarpa apheterioa 8 . and G. 

Fig. 14. Vegetative cells and gonidangia, a-h, with the wall still in position, 
and o-df showing where the walls have dissolved in position. X 500. 

Pleurocapm gloeocapsoidea 8. and G. 

Figs. 15, 16. Groups of vegetative cells in various stages of development. 
X 500. 

Fig. 17. Showing formation of gonidia. X 500. 

Arthrospira breviarticulata 8 . and G. 

Fig. 18. An individual showing the loose spiral doubled and entwined upon 
itself. 

This plate is a reprint of Gardner, Univ. Calif. Publ. Bot., vol. 6, pi. .39, p. 482, 
1918. 
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PLATE 6 

Fig. 19. Bivularia inamiUata S. and G. X 250. 

Fig. 20. Viohothrix seriata S. and G. X 125. 

Fig. 21. Calothrix rcctangularu B. and G. X 125. 

Fig. 22. Calothrix rohusta S. and G. X 125. 

Fig. 23. Pliormidium hormmdea S. and G. X 500. 

Fig. 24. Microcolcus Weckaii S. and G. X 500. 

Fig. 25. Microeolcua confluena S. and G. X 500. 

This pinto is a reprint of Gardner, Univ. (^alif. Fubl. Bot., vol. 6, p. 484, pi. 40, 
1918. 
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PLATE 7 

Arthroapira hreviartioulata S. and G. 

Fig. 26. An individual showing the general characters of a plant taken at 
random. 

Brachytrichia afflnis S. and G. 

Fig. 27. A section view through the cortex of a young thallus showing the 
characteristic method of branching, and young hairs. X 330. 

Fig. 28. A section view through an old thallus showing true branches spring- 
ing directly from the main filaments, without the formation of loops. X 330. 

Symplooa funicidaria S. and G. 

Fig. 29. Portion of a single filament showing the characters particularly of 
the terminal cell. X 330. 

Pleurocapsa entophysaloides 8. and G. 

Fig. 30. Showing the characteristic manner in which the groups of colonies 
arrange themselves in the stratum, after the manner of Entophysalis. 

This plate is a reprint of Gardner, XJniv. Calif. Publ. Bot., vol. 6, p. 486, pi. 41, 
1918. 
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PLATE 8 


Bivularia aim var. hemisphaerica (Kiietz.) B. and F. 

Fig. 1. Diagrammatic section of thallus perpendicular to the base showing 
the radiating filaments and concentric zones. X 5. 

Fig. 2. Portion of radial section of thallus, somewhat diagrammatic. X 20. 

Arthrospira maxima S. and 6. 

Fig. 3. An entire mature plant. Beprinted from Gardner, Univ. Calif. Publ. 
Bot., vol. 6, p. 412, pi. 33, fig. 3, 1917. 

Calothrix pilosa Harvey 

Fif. 4. A small group of filaments showing the position of heterocysts and 
some of the methods of false branching. Semidiagrammatic. 

Dermocarpa fucicola Saunders 

Fig. 5. Diagram of host plant, showing the position and distribution of the 
epiphyte. 

Fig. 6. Section through a pustule showing the shapes of the vegetative cells 
and one gonidangium. X 1400. 

Merismopedia Gardneri (Collins) Setchell 

Fig. 7. Surface view of a portion of the thallus. X 350. 

Aiiabaena variahilis Kuetz. 

Fig. 8. Two portions of plants, showing typicJil vegetative cells, heterocysts 
and mature spores. X 360. 

Aruibaena propinqua S. and G. 

Fig. 9. A group of plants showing typical vegetative cells, heterocysts, and 
mature spores. X 400. Beprinted from Gardner, Univ. Calif. Publ. Bot., vol. 6, 
p. 496, pi. 42, fig. 1, 1919. 
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Subclass 2. CHLOROPHYCEAE kuetzing 

Thallophytes containing only the pigments, chlorophyll and xantho- 
phyll; thallus varying from strictly single cells (uninucleate), or 
more or less simple or complex colonies (as in the Protococcales), to 
multicellular individuals which are either made up of cells (i.e., 
uninucleate divisions, as in the Ulvales, Schizogoniales, and the 
Ulotricales) or are cocnocytes (i.e., of multinucleate divisions), the 
latter being either septate (i.e., provided with partitions, as in the 
Siphonocladiales) or destitute of septa (as in the Siphonales), and 
ranging in size from microscopic forms to individuals of more than a 
meter in at least two dimensions; cell walls varying in structure and 
composition, mostly of cellulose but sometimes largely of pectose, 
occasionally more or less externally mucilaginous, generally simple, 
moderately thick and structureless, but at times thick and variously 
stratified, occasionally incrusted with lime; nuclei well developed; 
chromatophores usually distinctly differentiated, of varying shape 
and number, often containing starch centers, or pyrenoids, and 
colored by chlorophyll and xanthophyll, the former usually in excess ; 
reproduction vegetative, by non-sexual spores, and by zygotes; vege- 
tative reproduction by cell division, fragmentation, and by gemmae 
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(or cysts) ; non-sexual spores either motile (zoospores, zoogonidia, or 
planospores) or non-motile (aplanospores, formed inside the wall of 
the original cell, and akinetes where the outer wall of the original cell 
is included in the spore formation) ; zygotes formed either from 
isogametes (either isoplanogametes, i.e., both equal and motile, or 
isoaplanogametes, i.e., both equal and non-motile) or from aniso- 
gametes (or heterogametes, i.e., unlike gametes) ; germination of tlie 
zygote various. 

Chlorophyceae Kuetzing, Phyc. Germ., 1845, p. 118; Wille, in 
Engler and Prantl, Natiirl Pflanzenfam., 1 Th., 2 Abt., 1897, p. 24; 
Oltmanns, Morph, und Biol, dcr Alg., vol. 1, 1904, p. 133; West, 
Algae, vol. 1, 1916, p. 126. Chlorospermeae Harvey, in Mackay, FI. 
Hibern., part III, 1836, p. 163, Genera So. African Plants, 1838, 
p. 403. 

Harvey seems to have been the first to propose the classification 
into green algae, brown or olive-green algae and red algae, as now 
usually adopted, and coined the names Chlorospermeae, Melano- 
sperraeae and Rhodospermeae. In his Chlorospermeae, he included 
also what are now separated under Myxophyceae, very few of which, 
however, were known to him. Kuetzing was the first to use the 
ending phyceae, but his Chlorophyceae included both the Chloro- 
spermeac and Melanospermeao of Harvey and is consequently very 
dilferent in its content from that of more recent writers. 

There is some difference of opinion, even at present, as to the exact 
content of the Chloro})hyceac. It has seemed best to follow West 
(1916, p. 126) in including also the Conjugatae as well as the groups 
with zoospores, although the decision assumes no practical importance 
in the present account, since none of the Conjugatae is properly 
marine. 

The great majority of the marine Chlorophyceae are inhabitants 
of the littoral bolt, a few descending to the upper portion of the 
sublittoral belt, while those occurring in deeper waters are, so far 
as the extra tropical portions of the Pacific Coast of North America 
are concerned, very few indeed. 

The great majority of the Chlorophyceae are either subaerial or 
inhabitants of strictly fresh waters, so that a number of the important 
groups are not found in the salt waters. Unfortunately for this 
account, also, the strictly tropical waters of the Pacific Coast of North 
America are, as yet, unexplored, and little is known as to the occur- 
rence, or non-occurrence, of the more complex forms of the Codiaceae, 
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Valoniaceae and the Caulerpaceae. Undoubtedly many species of 
these families will be added later when the algal flora of the Pacific 
coasts of Mexico and Central America is collected and made known. 

CHLOROPHYCEAE 


Series 1. — Isokontae (p. 142) 

Order 1. — Protococcales (p. 143) 

Family 1. — Palmellaceae (p. 143) 

1. Collinsiella (p. 144) 

Family 2. — Chlorochytriaceae (p. 146) 

2. Chlorochytrium (p. 146) 

3. Codiolum (p. 151) 

Order 2. — Siphonales (p. 153) 

Family 3. — Protosiphonaceae (p. 154) 

4. Ualicystis (p. 154) 

Family 4. — Bryopsidaceae (p. 156) 

5. Bryopsis (p. 157) 

Family 5. — Derbesiaceae (p. 163) 

6. Derbesia (p. 164) 

Family 6. — Codiaceae (p. 166) 

7. Codium (p. 167) 

8. Halimeda (p. 176) 

Family 7. — ^Vaucheriaceae (p. 177) 

9. Vaucheria (p. 178) 

Order 3. — Siphonocladiales (p. 179) 

Family 8. — Cladophoraceae (p. 179) 

10. Rhizoclonium (p. 180) 

11. Hormiscia (p. 187) 

12. Chactomorpha (p. 198) 

13. Cladophora (p. 207) 

14. Spongomorpha (p. 220) 

15. Microdictyon (p. 231) 

16. Boodlea (p. 232) 

Order 4. — Ulvales (p. 233) 

Family 9. — Ulvaccae (p. 233) 

17. Capsosiphon (p. 233) 

18. Monostroma (p. 235) 

19. Enteromorpha (p. 244) 

20. Ulva (p. 260) 

21. Percursaria (p. 273) 

Order 5. — Schizogoniales (p. 275) 

Family 10. — Schizogoniaceae (p. 275) 

22. Prasiola (p. 275) 

23. Gayella (p. 279) 

Order 6. — Ulotrichales (p. 281) 

Family 11. — ^Ulotrichaceae (p. 282) 

24. Ulothrix (p. 282) 

Family 12. — Chaetophoraceae (p. 286) 

25. Bulbocoleon (p. 287) 

26. Entocladia (p. 288) 

27. Endoph 3 rton (p. 292) 
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28. Pseudodictyon (p. 293) 

29. Internoretia (p. 294) 

30. Ulvella (p. 295) 

31. Pseudulvella (p. 296) 

32. Pseudopringsheimia (p. 299) 

33. Gomontia (p. 300) 

Family 13. — Trentepohliaceae (p. 305) 

34. Trentepohlia (p. 305) 


Series 1. ISOKONTAE blackman and tansley 

Unicellular, multicellular and coenocytic Chlorophyceae, repro- 
ducing by means of zoospores or planogametes provided with two or 
four equal cilia or, when multinucleatc, with the cilia arranged in 
pairs (Vaucheriaceae) or exceptionally in a circle (Derbesiaceae). 

Isokontae Blackman and Tansley, Revis. Class. Green Algae, 1902, 
p. 20 ; West, Algae, vol. 1, 1916, p. 156. 

It has seemed best to adopt the classification as outlined by West 
(1916, p. 153), dividing the Chlorophyceae into four series according 
to the character and arrangement of the cilia of the zoospores and 
the planogametes. West adopts four series, viz., Isokontae, Akontae, 
Stephanokontae and Heterokontae. Of these, our marine flora has to 
deal only with the first, the Isokontae, where the cilia are equal and 
arranged in twos or fours. The other groups are not represented. 
Only two seeming exceptions need explanation. In the Vaucheriaceae 
the zoospore is large and covered with cilia. They are, however, 
arranged over the surface in pairs. The other, and only real, excep- 
tion is the Derbesiaceae, where the cilia are arranged in a circle as in 
the Stephanokontae. It has seemed best to leave the Derbesiaceae 
with the Isokontae in this account, since this is the usual arrange- 
ment, but it is done with some reservation of opinion. 


Key to the Orders 

1. Thallus of true cells (uninucleate segments) 2 

1. Thallus coenoc 3 rtic (of multinucleatc segments) 6 

2. Cells solitary or in non-61amentous colonies 1. Protocoecales (p. 143) 

2. Cells in filaments or membranes 3 

3. Thallus filamentous 4 

3. Thallus membranaceous 5 

4. Filaments simple or, more often, branched; chromatophore parietal 

6. XJlotrichales (p. 281) 

4. Filaments simple; chromatophore axile 5. Sehiiogoniales (p. 275) 

5. Chromatophores parietal 4. Ulvales (p. 233) 

5. Chromatophores axile 5. Schiiogoniales (p. 275) 

6. Thallus septate 3. SiidionoeUdiales (p. 179) 

6. Thallus non-septate 2. Siphonales (p. 153) 
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Order 1. PROTOCOCCALBS (meneghini) oltmanns 

Unicellular isokontae, motile or nonmotile, often occurring singly 
or in larger or smaller, definite or indefinite colonies or coenobia, or 
even simple coenocytes, often provided with mucilaginous teguments 
of more or less ample dimensions and of various shapes, never properly 
multicellular; number and shape of chromatophores (chloroplasts) 
various; pyrenoids often present; reproductive methods various as 
outlined for the series Isokontae. 

Protococoales Oltmanns, Morph, und Biol, der Algen, vol. 1, 1904, 
p. 169 ; West, Algae, vol. 1, 1916, p. 160. Protococcoideas Meneghini, 
Cenni sulla organ, e. fisiol. delle Alghe, 1838, p. 4 (of reprint) ; Black- 
man and Tansley, Revis, Class. Green Algae, 1902, p. 21; Wille, in 
Engler and Prantl, Nattirl. Pflanzenfam., Nachtr. zum 1 Th., 2 Abt., 
1909, p. 3. 

The Protococcales, or Protococcoidcae as they have long been 
designated, form a rather large and seemingly heterogeneous order. 
They are mostly inhabitants of the fresh waters and, although unicel- 
lular in the broad sense, are varied in their form, aggregation and 
methods of reproduction. Our marine species are few so far as 
known, but undoubtedly a considerable number yet remain to be 
detected. This is particularly true of the endophytic species of our 
coast whose presence and development are very little understood at 
present. 


Key to the Families 

1. Thallus of larger or smaller colonies (or aggregations of cells) 

1. Palmellaceae (p. 143) 

1. Thallus strictly unicellular 2. Chlorochsrtriaceae (p. 146) 


FAMILY 1. PALMELLACEAE (decaisne) naeoeli 

Cells united into larger or smaller colonies by mucilaginous modi- 
fication of the outer walls, usually provided with a single parietal 
chromatophore (chloroplast) containing a single pyrenoid; repro- 
duction by biciliated zoospores or by isoplanogametes ; fragmentation 
of colonies often takes place. 

Palmellaceae Naegeli, Die neuern Algensyst., 1847, p. 123; West, 
Algae, vol. 1, 1916, p. 183. Palmelleae Decaisne, Essai sur une classe 
des Algues, etc., 1842, p. 327. 
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The names Palmellaceae and Palmelleae are used with different 
intent and to different extent by various writers and are interchange- 
able wholly or in part with other family designations. It has seemed 
best to follow West as to the usage in this account. The fundamental 
idea is that of the colony the cells of which are held together by 
means of the mucilaginous material produced by the transformation 
of the outer walls. Some of the colonies are microscopic while others 
are of considerable size reaching a length (e.g., in some species of 
Tetraspora) of 15 to 20 centimeters. The mucilaginous modification 
may be general or it may be localized on each cell wall, and the shape, 
as well as the size, of the colony may thereby be influenced. The cells 
possess a single parietal chromatophore with a single pyrenoid. 
Colonies may split up and multiply the plant. Reproduction by 
zoospores and planogametes is the rule. In zoospore formation several 
(4 or 8) may arise in a zoosporangium or an ordinary cell may be 
transformed directly into a zoospore. This latter method, as well as 
the general cell structure and colony formation, points directly toward 
relationship with the Volvocaceae. 


1. OoUinsiella S. and Q. 

Frond gelatinous, solid or later hollow, composed of pyriform cells, 
on dichotomous, gelatinous stalks tapering downward from the cells; 
all enclosed in the general gelatine; chromatophore band-shaped, with 
one large pyrenoid; the terminal cells become the zoosporangia ( ?) 

Setchell and Gardner, Alg. N.W. Amer., 1903, p. 204. 

There is a reason for difference of opinion as to whether Collins- 
iella is to be retained as an independent genus or merged with the 
genus EcballocysHs Bohlin. It has seemed best to place the discussion 
under the single species known from our coast. 


OoUinsiella tuberculata S. and O. 

Plate 10, figs. 4-10 

Colonies rugose-tuberculate, 2-4 mm. diam., dark green, gelatinous, 
firm, attached by a broad base; cells pyriform, 5-12/* diam., 12-20/* 
long ; branches repeatedly dichotomous, proceeding in two planes per- 
pendicular to each other and to the surface of the colony, some of the 
cells of the dichotomies pushing forward, forming the cortex, leaving 
behind the translucent, stalklike, gelatinous cell walls, while growth 
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of other cells of the dichotomies is suppressed and they remain within 
the colony; the cell stalks show strong cellulose reaction to Chloriodide 
of Zinc ; the cortical cells are changed into zoosporangia ( ?) containing 
8-16 or occasionally more zoospores. 

Growing on rocks and pebbles in tide pools in the middle and 
upper littoral belts. West coast of Whidbey Island, Washington, Port 
Renfrew, Vancouver Island, Faralloncs Islands and Point Carmel, 
California. 

Setchell and Gardner, Alg. N.W. Amer., 1903, p. 204, pi. 17, f. 1-7 ; 
Collins, Green Alg. N. A., 1909, p. 141; West, Algae, vol. 1, 1916, 
p. 188; Collins, Holden and Setchell, Phyc. Bor. -Amer. (Bxsicc.), no. 
909. Echallocystis Willeana Yendo, Three species of marine Echallo- 
cystiSf 1903, p. 199. Echallocystis tuherciilata (S. and G.) Wille, 
Nachtrage, 1909, p. 28 (in part). 

Wille (1909, p. 27) plact^s Collhmella as a synonym under Echallo- 
cystis Bohlin, but Collins (1909, p. 141) and West (1916, p. 188) 
keep it distinct. It seems to differ from Echallocystis in forming an 
extended and definite gelatinous thalliis, in the more vertical and 
regular division of the cells, and in the longer gelatinous stalks to the 
cells. Because of the first of these differences, West {loc. cit.) places 
it in the subfamily Palmophylleac of the Palmellaccae and next to 
Palmophylluni, This disposition of the genus seems to be the most 
satisfactory and is adopted here. Collins (1909, p. 141) assigns the 
Echallocystis Willeana Yendo, from Port Renfrew, British Columbia, 
to ColUnsiella taherculata S. and G. as a synonym, and draws his 
description from both those of Yendo and of Setchell and Gardner. 
Yendo, however, in his remarks (1903, p. 204) states that it seems to 
him highly probable that ColUnsiella tuhmvlata may be a young 
and sterile form of a plant closely related to his Echallocystis 
WiUemm, if not the same species. We have not had the opportunity 
of examining a plant of Echallocystis Willeana, but judging from 
Yendo ’s description and plates, there are some differences. In the 
Whidbey Island plant there is a sort of basement membrane from 
which bullate swellings rise as indicated in the habit figure of Setchell 
and Gardner (1903, pi. 17, f. 1). Yendo figures isolated, much folded 
thalli (1903, pi. 8, f. 1) attached by rhizoidal outgrowths on the 
underside (loc. cit., pi. 8, f. 2, 6, 12). No such outgrowths have been 
detected in the. plant from Whidbey Island or in any others of our 
collections. Thesp are, perhaps, minor and unessential differences, but 
they indicate that there is a reason to feel uncertain as to the absolute 
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identity of the two plants. The specimens from the central Californian 
coast, on the other hand, resemble more closely the Yendo plant in 
habit but show no attaching fibrils. 

FAMILY 2. CHLOROCHYTBIACEAB nom. nov. 

Thallus unicellular, not united into colonies, or single unseptate 
coenocytes, reproducing solely by zoospores and by isoplanogametes. 

Planosporaceae West, Algae, vol. 1, 1916, p. 209. Endosphaeraceae 
Klebs, Organ, einig. Flagellaten-Gruppe, 1883, p. 344; Hansgirg, 
Prodr. d. Algenfl. v. Bohmen, II, 1888, p. 124 ; Blackman and Tansley, 
Rev. Class. Green Algae, 1902, p. 95. 

This is a small but fairly natural family including a number of 
genera which are, however, mostly inhabitants of the fresh waters. 
West (1916, p. 212) has reduced a number of genera under Chloro- 
chytrium, as indicated elsewhere, among them being Endosphaera. 
West has, consequently, set aside the family name Endosphaeraceae, 
as adopted by Blackman and Tansley, and substituted the designation 
‘‘Planosporaceae.” Since this does not embody one of the genera of 
the family as reorganized it seems best to consider it inapplicable 
under the present rules of nomenclature and to adopt ‘‘Chloro- 
chytriaceae’’ as a fitting family name. 

As stated by West, ‘‘this family is established to include all those 
non-coenobic members of the Protocaccales which are reproduced solely 
by zoogonidia or isoplanogametes. ’’ The great majority of the mem- 
bers of this family are either epiphytic or endophytic. 

Key to the Geneba 

1. Cells spherical to more or less ovoid 2. Chloroehytriom (p. 146) 

1. Cells cylindrico-oblong with a more or less elongated stipe 3. Godiolum (p. 151) 

2. Chlorochytrium Cohn 

Thallus unicellular, rounded, with chromatophore covering more 
or less of the outer wall and continuous or with radial prolongations, 
containing one to several pyrenoids ; asexual reproduction by akinetes 
or by 2- or 4-ciliated zoospores escaping singly or enclosed in a gela- 
tinous mass ; sexual reproduction by 2-ciliated isogametes escaping in 
a gelatinous utricle mass and conjugating before separation, or escap- 
ing singly and conjugating in the water; zygote, 4-ciliated, at first 
motile, later coming to rest and penetrating the host plant. 

Cohn, Ueber parasitische Algen, 1872, p. 102, diagnosis. 
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West reduces Endospha^ra Klebs, Scotimsphaera Klebs, Chloro- 
cystis Reinhardt and Stomatochyirium Cunningham to one genus and 
unites that with Chlorochyirium Cohn. “They all agree in being 
holophytie, unicellular, spherical or nearly so, wholly or partly endo- 
phytic plants with a single chromatophore, covering the wall more or 
less completely and containing one or more pyrenoids. Reproduction 
is by piano-gametes or by zoospores or by both'' (cf. Gardner, 1917, 
p. 383). It seems best to follow West in his conception of the genus 
and our species are, consequently, assigned to Chlorochyirium in this 
extended sense. The three species thus far credited to our territory 
are immersed in the tissues of various membranous or expanded red 
algae. 

Key to the Species 

1. Cells with apiculate tips 1. C. inclusum (p. 147) 

1. Cells without apiculate tips 2 

2. Cells spherical, chromatophores with one pyrenoid 

3. C. Potphyrae (p. 150) 

2. Cells clavate or ovoid, chromatophores with two or more pyrenoids 

2. C. Schmitsii (p. 149) 

1 . Chloroch 3 rtrium inclusum Kjellm. 

Plate 13, fig. 1 

Cells in the vegetative condition, spherical or subspherical, entirely 
included within the host plant, at the time of the formation of the 
zoospores, slightly elongated, depressed conical, ampullaeform, ovoid 
or ellipsoid, at length exposed through the penetration of the cortical 
layer of the host by the apiculate tip, emitting the zoospores through 
an ostiole. 

Endophytic in the fronds of various membranaceous algae, e.g., 
Iridaea, Weeksia, Constantinea, etc. Probably common along the coast 
from Sitka, Alaska, to Puget Sound, Washington. 

Kjellman, Alg. Arctic Sea, 1883, p. 320, pi. 31, f. 8-17 ; Setchell 
and Gardner, Alg. N.W. Amer., 1903, p. 206 Collins, Green Alg. 
N. A., 1909, p. 147 (in part) ; Collins, Holden and Setchell, Phyc. 
Bor.-Amer. (Exsicc.), no. 514?; Tilden, Amer. Alg. (Exsicc.), no. 
389?. 

The description, given above, is a fairly literal translation of the 
Latin diagnosis of Kjellman, who adds certain details in his remarks. 
The original host is DUsea integra (Kjellm.) Rosenv. (SurcophyUds 
arctioa Kjellm.). The cells of the Chlorochyirium are placed, in most 
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cases, near the surface of the host plant but sometimes occur in the 
middle layer. In vegetative condition the cells are from 80fi to 100/x 
in diameter, the cell wall is thin and of equal thickness throughout, 
while the chromatophore is thin and spread over the whole wall. 
The wall becomes thicker and apiculate at the outer end as the cell 
passes into the reproductive stages, the apiculate wall piercing the 
outer cortical tissues of the host. Kjellman states that the contents 
divide into a large number of closely packed zoospores which escape 
through an opening formed by the dissolution of the wall at the tip 
of the cell. Thase latter statements are evidently inferences because 
he distinctly says that he had only dried specimens for examination. 

In an authentic specimen of the host plant distributed by Kjell- 
man, young cells of the Chlorochytrium were found nearly spherical 
in shape, with uniformly thin walls, and with a chromatophore thin 
and dotted with numerous large pyrenoids. These cells are about 
80/x in diameter. 

Upon examining various specimens referred to this species, the 
conclusion has been forced upon us that there is some variety of 
species and possibly even of genera among the Pacific Coast plants 
referred to Chlorochytrium incltuium and it seems practically demon- 
strated that no one of those accessible to us is clearly the plant of 
Kjellman. 

Very little can be accomplished from the study of dried specimens, 
but living specimens should be studied to obtain more exact informa- 
tion as to structure and development. Our present knowledge, even 
of the type, is so slight as to admit of little certainty, and Kjellman 
statements as to the formation and emission of ‘‘zoospores” need to 
be carefully verified. 

On reexamining the various specimens referred to this species from 
our coast, we are able to make only a few general statements. 

Freeman (1899, p. 186) describes a plant which he provisionally 
refers to Chlorochytrium inclusum, but he found only vegetative 
stages. It was endophytic in the blades of Constantinea suhulifera 
Setchell. In the Algae of Northwestern America (1903, p. 206), we 
referred several specimens to the same species. Of these we may dis- 
tinguish, at least, two very different kinds of endophytes. The first 
kind includes what are probably species of Chlorochytrium, possessing 
a single chromatophore with numerous starch centers, while the second 
is made up of plants seemingly possessing neither chromatophores nor 
chlorophyll and certainly devoid of starch. No. 290, N. L. Gardner, 
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on Iridaea from the west coast of Whidbey Island, Washington, shows 
small plants (40/4x80/*), broadly pyriform and with thick walls. It 
is to be referred provisionally to Chlorochyirium, but does not 
agree with Kjellman’s description. No. 514, of Collins, Holden and 
Setchell’s Phycotheca Boreali- Americana, shows large, thin walled 
cells, depressed vertically and measuring about 160/* by 240/*, seem- 
ingly a Chlorochytrium, but not in accord with the descriptions of 
either Kjellman or Freeman. The other references given by us, with 
the exception of Tilden’s no. 389, which is Freeman’s plant, are to 
be rejected. They are found to be based upon plants of the second 
type, which is probably Chytridiaceous, possibly being near to lihodo- 
chytrkim. They are probably the so-called gland cells mentioned 
by Schmitis as occurring in Turnerella Mertensiana (P. and R.) 
Schmitz (1896, p. 372) and figured as oceurring in Iridcea afjink 
P. and R. (Postels and Ruprecht, 1840, pi. 40, f. 93). We have 
selected for illustration (pi. 13, f. 1) plants occurring endophytic in 
Weeksia Frymim Sctchell collected by Gardner near Sitka, Alaska. 
These seem to correspond more nearly than any of our other speci- 
mems with the description and figures of Kjellman. 


2. Chlorochytrium Schmitzii Rosenv. 

Cells clavate or ovoid, with rounded apex, without cone-shaped 
thickening of the cell wall, and with pointed base; up to 370/* long by 
90/4 diam. ; chromatophore single, occupying the greater part of the 
cell wall, and with two pyrenoids. 

Growing in various incrusting marine algae, e.g., PetroceUs. 
Alaska. 

Rosenvinge, Groenl. Havalg., 1893, p. 964, f. 56; Collins, Green 
Alg. N. A., 1909, p. 147 ; Setchcll and Gardner, Alg. N.W. Amer., 
1903, p. 206 (in part). 

In our Algae of Northwestern America (1903, p. 206), we referred 
two specimens to this species, one from Harvester Island in Uj'^ak Bay, 
on the Island of Kadiak, Alaska, and another from the west coast 
of Whidbey Island, Washington. On reexamination of these speci- 
mens it seems best to retain the former under this name, in spite of 
certain differences between it and the figures and descriptions of the 
Greenland plant as given by Rosenvinge. Certain of the cells in our 
specimens are rounded above and pointed below, seemingly in vegeta- 
tive condition. Other cells have papillate swellings at one or both 
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ends and are probably reproducing since the contents seem more 
or less broken up. There is no trace of a stalk (or tail) as in Codiolum, 
nor is the shape that of the cell (or clava) of that genus. Therefore 
it seems best to retain our Alaskan plant in Chlorochytrium and to 
refer it to C, Schmitzii pending further investigation of living material. 

The Whidbey Island plant referred here has also been carefully 
reexamined. In the shape of the “clava’’ and in the occasional 
possession of a stalk (or tail), it shows itself to be a Codiolum and is 
discussed below under that genus. 

The Alaskan plant referred to this species varies in height 
from 123/4 up to 220/4, and in width from 54/4 to 66/4, thus coming 
within the measurements as given by Rosenvinge for Chlorochytrium 
Schmitzii, 


3. Chlorochytrium Porphyrae S. and G. 

Plate 15, fig. 1 

Cells spherical, 40-60/4 diam., embedded within the host on both 
sides; chromatophore, single, at first small, covering the upper part 
of the young plant, then increasing in size by sending out several 
radiating arms and finally covering the cell wall; pyrenoid, single, 
large, embedded within the chromatophore toward the upper part of 
the cell; cell wall 2-3/4 diam,, hyaline, not laminated; color, grass 
green ; sexual reproduction by 2-ciliated isogametes, 3-4/4 diam., fusi- 
form to almost spherical, escaping singly through the oval opening 
in the outer wall; asexual reproduction by zoospores and akinetes 
unknown. 

Growing completely embedded within the outer membrane of 
Porphyra perfof'ata f. segregata Setchell and Hus. Washington (Cape 
Flattery) to central California (San Francisco). 

Setchell and Gardner, in Gardner, New Pac. Coast Mar. Alg. I, 
1917, pp. 379-384, pi. 32, f. 6; Collins, Holden and Setchell, Phyc. 
Bor.-Amer. (Exsicc.), no, 2280. 

This species was discovered at Lands End, San Francisco, Cali- 
fornia, but since the first publication of its discovery it has been 
observed in the vicinity of Cape Flattery, Washington, where it grows 
in abundance on the same host as at San Francisco. It probably 
extends along our coast wherever the host plant grows. 

A full account of the morphology and development of this species, 
as well as an extended discussion of the status of Chlorochytrium and 
the various plants referred to C. CohnU, will be found under the refer- 
ence to Gardner given above. 
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3. Codiolum A. Braun 

Frond unicellular, ovoid to clavate or subcylindrical, the cell wall 
prolonged below into a longer or shorter stipe, attached by a simple 
or forked expansion; chromatophore covering the cell wall or more 
or less broken, with several pyrenoids; asexual reproduction by 4- 
ciliated zoospores, many in a cell. 

A. Braun, Algarum Unic., 1855, p. 19, 

This genus was first mentioned in 1852 by Braun before the 29th 
Congress of naturalists and physicians at Wiesbaden (cf. Flora, 1852, 
p. 755) and was excellently described and illustrated in full in 
1855 in his “Algarum Unicellularum Genera nova et minus cognita’’ 
(p. 19). The type species is Codiolum gregarium A. Braun, and the 
type locality is Helgoland. 

The species of Codiolum are all very similar and consist of a color- 
less stipe of longer or shorter dimensions bearing above a swollen cell 
which is elongated ovoid in shape and which is termed the “clava.’’ 
The dimensions of both stipe and clava differ somewhat even in the 
same species, but in the endophytic species the stipe may be abbre- 
viated or even, most commonly, wanting. 

Key to the Species 


1. Cells with a long stipe not endophytic 1. C. gregarium (p. 151) 

1. Cells with stipe short or wanting, endophytic 2. C. Petrocelidis (p. 152) 


1. Codiolum gregarium A. Braun 
Plate 15, fig. 2 

Clava narrowly elliptical in median section, definitely delimited 
from the long narrow stipe, up to 500/a long, and 100/a wide; stipe 
hyaline, unbranched, nearly cylindrical but slightly enlarging upward, 
600-1000/a long, 20-30/i wide, somewhat disk-shaped at the base. 

Reported from a single locality in our region, growing on an iron 
buoy near Friday Harbor, San Juan County, Washington. 

A. Braun, Alg. Unic., 1855, p. 20, pi. I, f. 1-17 ; Collins, Green Alg. 
N. A., 1909, p. 152. 

There have been described several species of Codiolum beside the 
endophytic species and these species have been dependent largely upon 
differences in various dimensions, but particularly on length of stipe. 
Borgesen, however, in his “Marine Algae of the Faeroes’^ (1902, 
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p. 517) comes to the conclusion that two species, or groups of species, 
stand out with fair distinctness, viz., Codiolum gregarium A. Braun, 
in which species (or group) the clava is definitely constricted at the 
line of union with the stipe, and C. pusiUum (Lyng.) Kjellman, where 
the stipe passes insensibly into the clava. Our specimens are to be 
arranged with C. gregarium A. Braun and while their dimensions 
differ from those given by various authors for this species, yet it 
seems best not to attempt any separation at present. Our specimens 
vary in length of clava from 160 /a to 240/*, and in width from 32/* to 
64/a, while the stipe varies from 250/* to 550/* in length and from 16/* 
to 28/* in diameter. 

2. Codiolum Petrocelidis Kuckuck 

Clava ovoid or obovoid, 65-90/* long, 20-30/* wide ; stipe relatively 
short or sometimes absent, often tapering abruptly below into a sharp 
point. 

Growing within the thallus of Petrocelis franciscam, central Cali- 
fornia, and of P. Middendorffiiy Whidbey Island, Washington. 

Kuckuck, Bemerk. zur mar. Algenveg. Wiss. Meeres., vol. 1, 1894, 
p. 259, f. 27; Collins, Green Alg. N. A., 1909, p. 152; Collins, Holden 
and Setchell, Phyc. Bor.-Amer. (Bxsicc.), no. 2281. Chlorochytrium 
Schmitzii Setchell and Gardner, Alg. N. W. Amer., 1903, p. 206 (in 
part). 

Codiolum Petrocelidis was described by Kuckuck from specimens 
growing in Petrocelis Hennedyi at Helgoland, where it had first been 
detected many years previously by hVrdinand Cohn. It has also been 
described as growing in Petrocelis on the coast of New England. Two 
specimens of Codiolum growing in species of Petrocelis have been 
collected on the Pacific Coast of North America, one in P. Midden- 
dorffii on the west coast of Whidbey Island, Washington, and the other 
in P. francisoana on the coast of central California at Port Point, 
San Francisco. These two sets of plants differ somewhat from one 
another and also both differ in dimensions from C, Petrocelidis as 
described by Kuckuck. Kuckuck gives (as in description above) 65/* 
to 90/* long and 20/* to 30/* wide as the dimensions of his type. The 
Washington plant varies from 136/* to 180/* long and from 20/* to 44/* 
wide for the clava, while the Californian plant shows clavae from 
80/* to 140/* long and 28/* to 42/* wide. It seems best, however, to refer 
them both to Codiolum Petrocelidis Kuckuck, at least for the present. 
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As to the stalk (or stipe) it is very distinct in some specimens 
while absolutely wanting in most of the others, but the shape of 
the cell is, in general, sufficiently distinctive to permit of the ready 
separation of these specimens from those usually referred to Chloro- 
chytrium. 


Order 2. SIPIIONALES (grev.) oittmanns 

Fronds filamentous, either simple or variously entangled or inter- 
woven, sometimes producing complex individuals, devoid of septa (or 
very nearly so) in the actively vegetative portions, but septa appear- 
ing in the reproductive portions, multinucleatc and with many small 
chrornatophores ; multiplication vegetative, by non-sexual spores, and 
by zygotes; vegetative by abscission of proliferous shoots or frag- 
mentation ; non-sexual spores, either aplanosporcs or zoospores, 
produced usually in specialized zoosporangia; zygotes from either 
isogametes or heterogametes. 

Siphofuilfs Oltmanns, Morph, und Biol. d. Algen, vol. 1, 1904, 
pp. L34, 291 ; Blackman and Tansley, Revis. Class. Green Algae, 1902, 
p. 114; Collins, Green Alg. N. A., 1909, p. 385; West, Algae, vol. 1, 
1916, p. 222. Siphaneae Greville, Alg. Brit., 1830, p. 183. 

There is a very considerable variety both in the structure of the 
frond and in the methods of multiplication to be found among the 
Siphonales. From the simple globular but iK^dicellate Halicystis or 
the dichotomously filamentous Vaucheria or Derhesia, through the 
more or sometimes less specialized species of Bry opsin ^ to the elab- 
orately constructed fronds of the Codiaceae, which are, however, made 
up of interwoven filaments with or without calcareous incrustation, 
there is a series of increasing complexities. In sexual multiplication 
there is also a series of increasing complexities from the isoplano- 
gametes of Bryopsis through the heteroplanogamctes of Codium to the 
condition in Vaucheria, where the female gamete is large and motion- 
less and the male gamete is small and motile. Complexity of form 
and differentiation of gametes do not proceed along the same lines, 
e.g., Vattcheria has a frond of simple structure, while its male and 
female gametes are most widely different from one another. 

Key to the FAMmiES 

1. Thallus filamentous 2 

1. Thallus not filamentous 3. Protosiphonaceae (p. 164) 

2. Filaments free 3 

2. Filaments densely interwoven to form a complex thallus 

6. Codiaceae (p. 166) 
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3. Filaments pinnately branched 4. Bryopsidaceae (p. 156) 

3 Filaments irregularly or dichotomously branched 4 

4. Sexual reproduction anisogamous; zoospore single, covered with cilia 

7. Vaucheriaceae (p. 177) 

4. Sexual reproduction unknown; zoospores several in a sporangium, provided 
with a crown of cilia 5. Derbesiaceaa (p. 163) 

FAMILY 3. PBOTOSIPHONAGEAE blackman and tansley 

Thallus small, more or less globular, with or without colorless 
rhizoids or pedicels, unseptate in vegetative condition ; nuclei several ; 
chromatophore single and reticulate, or several, with or without pyre- 
noids ; multiplication vegetative, by aplanosporcs, through micro- and 
macro-zoospores, and possibly also through isoplanogametcs. 

Blackman and Tansley, Rev. Class. Green Alg., 1902, p. 115; 
Collins, Green Alg. N. A., 1909, p. 153; West, Algae, vol. 1, 1916, 
p. 223. 

A small family separated by Blackman and Tansley from the 
Botrydiaccae to contain particularly Protosiphon Klebs as a segregate 
from Botrydium Wallroth which, in turn, was removed from the 
Isokontae to the Hetcrokontae. Besides Protosvphony it is usually 
made to include Blastophym Reinke and Holicystis Aresch. The 
result is a not over homogeneous assemblage and one not readily or 
satisfactorily to be defined. Our only representative is Holicystis 
ovalis (Lyngb.) Aresch, which is described further on. 


4. Halicystis Aresch. 

Thallus globular to ovoid, unseptate, multinucleate, with penetrat- 
ing rhizoidal portion; chromatophores small, disk-like, destitue of 
pyrenoids; asexual reproduction by 2-ciliated zoospores without 
stigma, escaping through one or more openings; similar but smaller 
zoospores or zoogametes( 1) formed in separate individuals; after the 
emission of the spores the openings close and several new generations 
of spores can be similarly produced. 

Areschoug, Phyc. Scand., part II, 1850, p. 446; Collins, Green 
Alg. N. A., 1909, p. 372. 

A genus of two marine species of the northern oceans, seemingly 
occurring in both the north Atlantic and the north Pacific. It has 
been separated from Valonia because the vegetative body consists of 
an unseptate coenocyte of an ovoid shape with short pedicel and 
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rhizoidal portion. It is now placed near to Protosiphan, which it 
more closely resembles than any other genus. The description given 
above is adapted from Collins {loc. cit.) and expresses well the general 
characters. 


Halicystia ovalis (Lyngb.) Arescli. 

Plate 14, fig. 3 

Thallus solitary or gregarious, obovate-ovoid, 0.5-1 cm. high, 
about half as wide ; membrane tough, 10-1^ thick ; basal prolongation 
penetrating the substratum; zoospores 12-14/* long, 7-8/* wide; 
gametes ( ?) 7-8/* long, 2-3/* wide. 

Growing on LUhothamnion and on other crustaceous corallines 
adliering by means of the rhizoidal portion penetrating deeply into 
the host. Vancouver, British Columbia, to Monterey, California. 

Areschoug, Phyc. Scand., part 11, 1850, p. 447 ; Kuckuck, Abhandl. 
Meeresalg., 1907, p. 139, pi. Ill; Collins, Green Alg. N. A., 1909, 
p. 372. Valmim ovalis (Lyngb.) Agardh, Sp., vol. 1, part 2, 1822, 
p. 431; Saunders, Four Siphon. Alg., 1899, p. 2, pi. 350, f. 2 a, b; 
Setchell and Gardner, Alg. N. W. Amer., 1903, p. 232. Oastridium 
ovale Lyiigbye, Hydr. Dan., 1819, p. 72, pi. 18 B. 

This very curious and interesting species has been most carefully 
studied, described and illustrated by Kuckuck (1907) and seems to 
be the same as that found on our own coast. Very little material is 
available for study, neither of the present writers has had the oppor- 
tunity of collecting it, and only one of them (Setchell) has had the 
privilege even of examining a living plant. In general appearance 
and structure, however, the Pacific Coast plant agrees thoroughly with 
the descriptions of the European writers. 

It was first credited to our coast by Saunders (1899) who found 
it at “Point Lobos’^ (or Point Carmel) in Monterey County, Califor- 
nia. Later it was found in successive years at a locality near Point 
Cypress, only a few miles north of “Point Lobos’’* by Professor Harold 
Heath of Stanford University, and the third and last locality is Port 
Renfrew in British Columbia, where it was collected by Misses Butler 
and Polley. It is always found growing on living crustaceous coral- 
lines into the thallus of which it bores its way. It will probably be 
found at other points along the coast, since it undoubtedly 'escapes 
observation as it is small and grows at, or just below, the lowest 
tide mark. 
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FAMILY 4. BBYOPSIDAOEAE (bort) de-toni 

Thallus a more or less branched, unseptate coenoeyte, arising from 
rootlike, creeping, often rhizome-like filaments which originate as 
lowermost branches; branching more or less regularly or irregularly 
pinnate and lateral pinnules of definite growth arranged pinnately, 
and either distichous or polystichous, never interwoven; wall thin, 
neither incrusted nor provided with trabeculae (as in the Cauler- 
paceae) ; chromatophores and nuclei numerous and small, the former 
elliptically discoid and provided with a single pyrenoid each; vege- 
tative reproduction by a detachment of pinnules or breaking off of 
proliferations or the creeping rhizome; zoospores unknown; sexual 
reproduction by 2-ciliated anisogametes produced in gametangia which 
are slightly modified pinnules (Bryopsis) or ovoid or pyriform out- 
growths from the pinnules {Pseudohryopsis ) ; monoecious or dio- 
ecious ; female gamete the larger, with large posterior chromatophore, 
male gamete smaller, brownish-red with reduced chromatophore ; 
zygote germinating at once. 

Bryopsidaceae De-Toni, Syll. Alg., vol, 1, 1889, p. 427 ; Collins, 
Green Alg. N. A., 1909, p. 402; West, AJgae, vol. 1, 1916, p. 225. 
Bryopsideae Bory, Voyage Coiiuille (Duperrey), Hot., 1828, p. 203; 
Thuret, Rech. sur les zoosp. et les anthcrid. des Crypt., 1850, p. 217 
{sub ‘‘Bryopsidees’’). 

The genus Bryopsis is the only representative of the family 
Bryopsidaceae on our coast. The family closely resembles the Der- 
besiaceae, from which it is distinguished by its method of branching 
and the possession of 2-ciliated, motile, reproductive bodies, the 
Codiaceae, from which it is distinguished by not having its branches 
interwoven to form a complex frond, and the Caulerpaceae, from 
which it is distinguished readily by the thin wall and lack of internal 
reenforcing plates or trabeculae. The fernlike fronds of our species 
distinguish them at a glance from all our other filamentous Chloro- 
phyceae. 

The name Bryopsidaceae, as first used by Bory, included other 
Siphonales as well as Bryopsis, particularly species of Caulerpa and 
Vaucheria. The present concept of the family dates from about 
1850 when Thuret published his classic paper on zoospores and anthe- 
ridia. 

The account of the reproduction is adopted from Oltmanns (1904, 
p. 304 et seq.) and has not been verified, as yet, in our species. 
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5. Bryopsis Lamour. 

Thallus unseptately coenocytic, much branched; chromatophores 
numerous small disks, each with one pyrenoid; the axis producing 
rhizoids below and branches above l>oth of unlimited and limited 
growth ; in the latter large, 2-ciliated, green, female gametes, and on 
separate individuals, smaller, brown, 2-ciliated male gametes are 
formed; by the union of the two a zygote is foimed germinating 
immediately. 

Lamouroux, Observ. sur la physiol, des alg. mar., 1809, p. 2311, 
Mem. sur trois nouv. gen. de la famille des alg. mar., 1809a, p. 133; 
Collins, Green Alg. N. A., 1909, p. 402. 

The above description, taken largely from Collins, expresses the 
technical characteristics of the family’ and of the genus Brijopsns, 
In this genus the gametes are produced in the branchlcts of limited 
growth which are little changed, but are shut off from the axis on 
which they are borne when they are transformed into gametangia. 
The genus . contains about twenty-five species and inhabits warmer 
waters, but a few species proceed northward into decidedly cold 
water, c.g., B. phimosa (Iluds.) J. Ag. being ci’cdited even to the 
icy waters of Baffin Bay. Mast of the species have wonderfully sym- 
metrical fern-like fronds of a beautiful dark green which, when spread 
out on paper, adhere closely to it and produce a very pleasing picture. 
Our Pacific Coast species are nowhere common, and are in need of 
more careful study to determine their habits of growth and reproduc- 
tion, as well as their specific differences and identities. 

The species of Bryopsk present problems of determination of 
exceeding complexity and difficulty. The specific limits do not seem 
tf) be at all well ascertained and the actual identity and limits of the 
described species must remain uncertain until some monographer, 
with ample facilities and patience, shall have unusual opportunities 
for study and illustration. Much remains to be determined as to the 
stability of the viarious characters of these plants. A preliminary 
study leads us to believe that many characters, even of minor morpho- 
logical importance, may prove stable and suitable for use in distin- 
guishing species. The general habit, the number of orders of branch- 
ing, the distinctness or lack of it of the “plumes,’’ or feather-like 
divisions, the distichous, tetrastichous, or polystichous arrangement 
of the ultimate branchlcts, or “pinnules,” are characters now gen- 
erally employed. We suggest also comparison of the exact shape and 
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proportions of the pinnules and, especially, the shape of the bases 
of the older pinnules, as important characters. The bases of branches 
and branchlets, especially below on the main or secondary axes, may 
produce rhizoid-like, almost corticating, structures, and these seem to 
present differences, possibly of diagnostic value. M. A. Howe has 
particularly called attention to this in his ‘‘Marine Algae of Peru'* 
(1914, p. 38 et seq, and pi. 7, f. 6-9). They were also made part 
of the distinction in B. coriiculans Setchell, but they exist in many, 
or possibly all, species, varying in their shape and distribution. 

Key to the Species 


1. Thallns small, more or less simple 1. B. pennatula (p. 158) 

1. Thallus 8-14 cm. high, much branched 2 

2. Pinnules arising on all sides of the branches 2. B. hypnoides (p. 159) 

2. Pinnules distichous 3 


3. Base of pinnules abruptly constricted and unequally rounded 

3. B. corticulans (p. 160) 

3. Base of pinnules gradually tapering and not appreciably rounded 

4. B. plumosa (p. 161) 


1. Bryopsis pennatula J. Ag. 

Thallus more or less simple, sublinear in outline, distichously 
pinnate; pinnules nearly equally long, cylindrical, obtuse. 

Known only from the type locality ‘ ‘ St. Augustin, ’ ’ on the Pacific 
coast of Mexico, where it was collected by Professor Liebmaiui of 
Copenhagen. 

J. G. Agardh, Nya alger fran Mexico (“Algae Liebmannianae''), 
1847, p. 6 ; Kuetzing, Spec. Alg., 1849, p. 492, Tab. Phyc. vol. 6, 1856, 
p. 27, pi. 76, f. II. Bryopsis peimiata var. minor J. O. Agardh. Till 
Alg. Syst., 1886, part 5, p. 23. Bryopsis pennata Collins, Green Alg. 
N. A., 1909, p. 405 (in part). 

The only information available concerning this species is derived 
from Agardh ^s description and Kuetzing ’s figure. The latter seems 
to have been drawn from a specimen of the type collection. Agardh, 
later, as may be seen from the references above, reduced this species 
to a form of Bryopsis pennata Lamour. Comparing figures and speci- 
mens of B, pennata, there seems to be a close resemblance in habit and 
even in the shape of the pinnules, but the Mexican plant is very small 
and slender, as compared with typical B. pennata, and it seems best 
to us to keep it distinct until additional collections throw further light 
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upon the relationships of the two plants. Concerning the type locality, 
which is also the type locality for other species published by J. G. 
Agardh in the same paper, it seems probable it is on the coast of the 
state of Oajaca in the vicinity of Pochutla and Pt. de lluatulco. (Sec 
Oersted in Liebmann, Chenes de TAmerique Tropicale, 1869, p. viii.) 


2. Bryopsis hypnoides Lamotir. 

Thallus 5-10 cm. high, flaccid, rather pale green, profusely and 
variously branched; branches in no definite order, growing smaller 
in the successive series, and with no sharp division between the lesser 
branches and the pinnules that clothe them 'on all sides, the latter 
themselves being frequently more or less branched; pinnules usually 
long and slender, gradually attenuate at the apices, suddenly con- 
stricted and symmetrically rounded at the bases. 

Growing on logs, floats, shells, stones, etc. Ranging from Victoria, 
British Columbia, to San Pedro, California. 

Lamouroux, Mcmi. sur trois nouv. genres., 1809a, vol. 2, p. 135, 
pi. 1, f. 2 a, b; Sctchell and Gardner, Alg. N.W. Amer., 1903, p. 230; 
Harvey, Phyc. Brit., 1846, pi. 119; Vickers, Phyc. Barb., 1908, p. 30, 
pi. 53, f. 1, 2; Collins, Holden and Sctchell, Phyc. Bor.-Amcr. 
(Exsicc.), no. 1028. 

Only three illustrations of this species ar(^ available to convey an 
idea of the characteristics of the species. The first, and only strictly 
authentic illustration, is that of Lamouroux (1809a, pi. 1, f. 2 a, b). 
Figure 2a represents the habit, while figure 2b shows the enlarged tip 
of a pinnule. The plant is evidently polystiehous with the ultimate 
branchlets gradually attenuated in the lower third, or even half. The 
second is that of Harvey in the Phycologia Britannica (pi. 119), which 
does not represent the plant with sufficient detail to make as certain 
as desirable the shape of the base and apex of the pinnules. It is 
very evident, however, that the conception of Harvey was of a much 
branched, polystiehous plant with long slender pinnules which are 
more or less constricted at the base and with the base itself unsym- 
metrical. The third illustration is that given by Anna Vickers in 
her Phycologia Barbadensis (pi. 53). The pinnules of this species, 
both as to proportions and as to branching, seem very different from 
those of both the others. The illustrations of the plumules {loc. cit., 
f. 2) seem also to indicate that the gametes (?) are formed in restricted 
basal segments of the pinnules. 
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The branching of Bryopsis elegam Menegh. figured by Zanardini 
(1860-76, pi. 72) referred to by J. G. Agardh (1886, p. 28) as being 
possibly of B. hypnoides is different in detail, at least, from all the 
others. 

The specimens from the Pacific Coast, referred here until more 
study and careful comparison with the type specimens can be made, 
seem reasonably uniform. They are much, branched plants, poly- 
stichous, with less definite distinction between axes and with less 
regular plumes than B. corticuUms shows. The pinnules are compara- 
tively long and slender, long attenuate at the apex, but suddenly con- 
tracted to a broad, rounded base, and attached to the axis by a narrow 
neck. The older pinnules are very symmetrically rounded at the base 
and without any appearance of the production of rhizoidal outgrowths 
above, but possessing stout, rather long and branched rhizoids at the 
base^ of the main branches (cf. M. A. llowe, 1914, p. 40, and Phyc. 
Bor.-Amer., no. 1028). The Pacific Coast plants referred here vary 
somewhat in coarseness and may ultimately be found to belong to 
more than one species. 


3. Bryopsis corticulans Setchell 

Plato 15, figs. 4, 5, and plate 27 

Thallus rather stout and coarse, 8-14 cm. high, main stem 1 mm. 
diam. ; dark green in the growing parts, glossy throughout; main 
stems not much divided, lower part naked, upper part, usually about 
half of the whole length, with abundant, patent, generally opposite 
branches constricted at the bases, naked below, above with rather 
stout, distichous pinnules, decreasing in length towards the tip of the 
branch and abruptly contracted at the unequal base ; general outline 
of frond of individual branches pyramidal; conspicuous tufts of 
coarse, descending, slightly branched, rhizoidal filaments found at 
the bases of the branches and branchlets. 

Growing on rocks in the lower littoral belt, from Vancouver, Brit- 
ish Columbia, to southern California. Observed at Vancouver. Island, 
British Columbia, Puget Sound, Washington, and also at Santa Cruz, 
Pacific Grove, Carmel, and San Pedro in California. 

Setchell, in Collins, Holden and Setchell, Phyc. Bor.-Amer. 
(Exsicc.), 1899, no. 626; Collins, Green Alg. N. A., 1909, p. 404; 
Setchell and Gardner, Alg. N.W. Amer., 1903, p.‘ 230. Bryopsis 
plumosa Tilden, Amer. Alg. (Exsicc.), no. 371 (not of C. Agardh). 
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Bryopsis corticulans is a coarse, dark green species, fairly regu- 
larly distichous and with pinnules little reduced in size from the 
axis whence they spring. It has, in the older plants at least, small 
clusters of short rhizoidal outgrowths at the bases of the lower (or 
even of the upper) branches. Thus far it has been observed only in 
winter and spring on the coast of California, but in Puget Sound it 
seems to occur also in mid-summer. It is closely related to B. pkimosa, 
but it is coarser, with more regularly occurring corticulating rhizoids, 
and with the pinnae more elongated lanceolate. It is still a question 
whether we have true B. plwnwsa or not, and it is not absolutely 
certain that B, corliculam differs sufficiently from it to be always 
distinguishable. The pinnules of B, cortimildnSf however, are coarser, 
more robust, and more abruptly and unequally rounded at the base 
than those of any of the plants usually referred to B. phimosa. The 
lower plumules are not only abruptly and extremely constricted at 
the base, but possess bases which bulge out on the lower side where 
the rhizoidal growths issue. Thus far the great majority of the 
strictly distichous Bryopsis from our coast seem referable to B. corti- 
culans rather than to B, plunwsa. 


4. Bryopsis plumosa (Huds.) Ag. 

Plate 14, figs. 1, 2 

Thallus not more than 10 cm. high, deep green and shining, more 
or less branched once or twice, seldom more, the ultimate branches 
forming plumes with distichous, slender pinnules gradually narrowed 
above and to a base which is slightly, if at all, rounded; bases of the 
lower branches showing several short lobes. 

On floats, Puget Sound Marine Station, Friday Harbor, San Juan 
Island, Washington, collected by Annie M. Hurd. 

Agardh, Sp. Alg., vol. 1, part 2, 1822, p. 448 ; Collins, Green Alg. 
N. A., 1909, p. 403. VVva plmwsa Hudson, Flora Anglica (2nd Ed.), 
1778, p. 571. 

The type locality of Bryopsis plumosa is Exmouth in Devon on 
the south coast of England, and no type specimen seems to be available. 
The species is widespread, as far as report goes, but it is very doubtful 
whether by any means all the plants, even of Europe, assigned to it, 
really are properly referred. It is distichous, as generally defined, 
and has broad triangular plumes. More investigation is needed to 
deteimine exactly the original application of the name, if possible, and 
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also, as to how many varieties or even species are to be properly 
referred under it. The illustrations by Kuetzing (1856) both under 
B. plumosa (pi. 83, f. I) and under B. abietina (p. 80, f. I) are 
usually referred to B, plnnwsa. On comparing these illustrations with 
those of Harvey (1846, pi. 3), Greville (1830, pi. 19) and of 
Bryopsis Lynghyai Ilornemann (1818, pi. 1603) and its reproduction 
by Lyngbye (1819, pi. 19, f. B), it seems evident that there is con- 
siderable variety among the European plants referred to B. plumosa. 
Unfortunately the figure of B. arhuscula Lamouroux (1809, pi. 5, f. 1) 
is only of the habit of the plant. 

Without opportunity of examining a distinct type, or any speci- 
mens from the type locality, it is impossible to determine with any 
certainty just what the Viva plumma Hudson may be. However, 
judging by specimens from Debray from the neighboring coast of 
France, it seems likely to prove to be a plant very similar to that 
figured by Kuetzing (1856, pi. 83, f. FI), viz., a distichous plant 
with pinnules gradually tapering to both base and apex. This grad- 
ually tapering base of the pinnule is not found in any of our speci- 
mens of B, ccyriiculans or B, hypnoides. It may possibly be that this 
is characteristic of only younger stages of the European plant, but this 
does not seem likely. An illustration which seems to Im? reasonably 
authoritative, and one that may serve as a basis for discussion is that 
of Viva plwmasa of the English Botany (vol. 33, 1814, pi. 2375). 
This seems also to be the basis for the figures of plate 19 of Greville ’s 
Algae Britannicae (1830). The agreement of these figures with that 
of Kuetzing is very close. 

As to whether Bryopsis plumosa is represented on the Pacific coast 
of North America, or not, there is little to be said. The name appears 
in certain local lists and Tilden (Amer. Alg., no. 371) has distributed 
a plant from Tracyton, Washington, in the Puget Sound region which 
seems rather to be B, oorticvlans Setchell. There is a single specimen 
collected by Miss Hurd (Herb. Univ. Calif., no. 200726) which seems 
to agree fairly closely with the illustration in the “English Botany’’ 
and we refer this to B. plumosa with some hesitation. The shape of 
the pinnules seems to be fairly characteristic. In this specimen the 
bases of the lower branches show several short, blunt lobes. Older 
specimens might show that these grow out into short rhizoids such 
as are found abundantly in Atlantic Coast and European plants 
referred to this species. The description given above was drawn up 
with especial reference to our plant. 
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FAMILY 5. DEBBESIACEAE (thuret) kjellm. 

Thallus of erect, simple or sparingly branched coenocytic filaments, 
arising from more slender creeping filaments which are attached to the 
substratum by short, branched, rhizoid-like holdfasts : chromatophores 
small, discoid, oval or elliptical in shape without or with one or two 
pyrenoids; non-sexual reproduction by zoospores provided with a 
crown, or circlet, of cilia, produced in special, lateral, globose to pyri- 
form zoosporangia, sexual reproduction unknown. 

Derhesiaccae Kjellman, Algae Arctic Sea, 1883, p. 316. Derhesiees 
Thuret, Rech. sur les zoospores des algues, etc., 1850, p. 231 (p. 22 
Repr.). Derhesieae Thuret, in Lc Jolis, Liste des alg. mar. de Cher- 
bourg, 1863, p. 14. 

The family of the De.rbesiaceae differs from all others of the 
Isokontae in the possession of zcKispores with a circlet of cilia similar 
to those of the Stcphanokontae. In spite of this seemingly funda- 
mental difference, all writers have placed it among the Isokontae 
rather than among the Stcphanokontae. Davis, in his paper on “Spore 
formation in Derhesia*^ (1908), has followed out the nuclear behavior 
during zoospore formation and its relation to the development of a 
blepharoplast as well as the resulting circle of cilia. Unfortunately 
the development of the zoospore and of the circlet of cilia is not as 
yet known for Oedogonium or any other of the Stcphanokontae. 
Davis {loc, cit., p. 16) states that the zoospores of Derhesiu and of 
Oedogonium are of similar structure and ventures to predict that 
those of Oedogonium will be found to develop a blepharoplast closely 
similar to that of Derhrsiu, Nevertheless, he warns against the danger 
of classifying the algae on the basis of the structure of zoospores and 
gametes and expresses as his idea that Derhesiu should not be removed 
from the Siphonales. Davis also expresses the opinion that no one 
will be bold enough to suggest a relationship between Derbesia and 
Oedogonium on account of the resemblances of the zoospores. 

It seems to us, however, that in the Stcphanokontae, there exists 
a peculiar type which may be as early, or as primitive, as any of 
those under the Isokontae. Possibly there may have existed many 
forms of Stcphanokontae, now lost, or possibly not yet discovered. We 
may assume then that as the Isokontae have advanced along several 
lines from multicellular to septate and then to unseptate coenocytic 
condition, the Stcphanokontae may have doiiu the same. It seems 
to us neither impossible, nor wholly inconsistent with what we find 
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among the Isokontae, to consider Derbesia as a coenocytic genus of 
the Stephanokontae. For general convenience, however, connected 
with the fact that this account deals with marine species only, we 
leave it in the place usually assigned to it. 

There are only two genera to represent this family, Derbesia Solier 
and Bryobesia Weber-van Bosse. Of these Derbesia alone has been 
found, thus far, on our coast. 


6. Derbesia Sol. 

Filaments unseptate, or with occasional partitions, multinucleate, 
simple or branched, with no differentiation of axis and branches; 
chromatophores numerous, discoid, with or without pyrenoids; non- 
sexual reproduction by large, multiciliate, stephanokont zoospores, 
each with a single nucleus, formed in lateral globose to pyriform 
zoosporangia; sexual reproduction unknown. 

Solier, Sur deux alg. zoosp. form, le nouv. genre Derbesia, 1846, 
p. 453 (cf. also Bot. Zeit., vol. 4, 1846, p. 497), M6m. sur deux algues, 
1847, p. 158. 

Little remains to be said of the genus Derbesia after the de- 
scription of the family, since there are only two genera included in 
Derbesiaceae. The genus Derbesia was founded on D, viarina and 
D, Lamourouxii, of which the former is given first, and may properly 
be considered as the type. D. rmrina Solier, however, is judged not 
to be identical with Vmieheria marma Lyngbye and is now known 
as Z>. tenuissima (De Not.) Crouan. The genus at present consists of 
eight to ten species widely distributed chiefly in tropical and sub- 
tropical waters. It differs from Bryobesia in having the sporangia ( 1) 
lateral. In Bryobesia after the terminal sporangium is emptied it is 
forced to one side by the continued growth of the filament beneath. 

Unfortunately we have had no opportunity of studying any of 
our Pacific Coast species of Derbesia in the living condition and must 
draw upon the publications of others for all details. 

Key to the Species 


1. Filaments 60-70 m in diameter 

1. Filaments lOO-600/i in diameter. 


1. D. mariiia (p. 165) 

.2. D. Lamouroiudi (p. 165) 
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1. Derbesia marina (Lyngb.) Kjellm. 

Plate 15, fig. 3 

Filaments arising from a creeping base, bright green, 50-70/a diam., 
simple or usually with a few lateral branches similar to the axes, 
continuous but with a short segment separated by partitions near the 
base of a branch or occasionally in the axils just above a branch, 
little smaller than the branch itself and about as long as broad; 
sporangia occupying the place of branches, ovoid to subspherical, 
150-250/x long, 90-200/a broad; pedicel varying from 30-70/a in length, 
30-35/a in diameter, about as long as broad; spores 20 or more in a 
sporangium. 

Alaska to southern California. 

Kjellman, Alg. Arctic Sea, 1883, p. 316 (not of Solier, fide j. G. 
Agardh, Till. Alg. Syst., 5th part, VIII, 1886, p. 34) ; Saunders, Alg. 
Harriman Exp., 1901, p. 415 ; Setchell and Gardner, Alg. N.W. Amer., 
1903, p. 230 ; Collins, Green Alg. N.A., 1909, p. 407. Derbesia tenuis^ 
sima Collins, Holden and Setchell, Phyc. Bor.-Amer. (Exsicc.), no. 
574. Vaucheria marina Lyngbye, Hydr. Dan., 1819, p. 79, pi. 22 A. 

We suspect that the Derbesia vaucheriaeformis of Saunders (1899, 
p. 3, pi. 350, f. 4 a-d) from ‘‘Point Lobos” (really Point Carmel) near 
Monterey, California, is to be placed rather under D. marina as 
understood by J. G. Agardh. Saunders describes his species as pos- 
sessing filaments from 30/a to 40/a broad and elliptical, obovate or 
pyriform sporangia 140/a to 200/a long and 50/a to 80/a wide. The 
sporangia are distinctly pedicellate but the diameter of the pedicel 
is not given. Judging from his figure 4a, the pedicel is one half the 
diameter of the filament, or 15/a to 20/a broad. The zoosport^s, also 
judging from the same figure, number decidedly more than twenty. 
The branching is represented as dichotomous. Saunders, also, in the 
Algae of the Harriman Expedition to Alaska (1901, p. 415) refers 
a plant from Yakutat Bay to D. vaucheriaeformis, but did not observe 
mature zoosporangia. 

2. Derbesia Lamourouxii (J. Ag.) Sol. 

Filaments arising from a creeping base, a few centimeters to 2 dm. 
high, 100-600/a diam., dark green, rather stiff, sometimes simple, some- 
times with more or less numerous irregular branches; sporangia 
spherical, 300-550/a diam., sessile or on short and slender pedicels. 

Southern California. 
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Solier, Mem. sur deux Algues, 1847, p. 162, pi. 9, f . 18-30 ; Collins, 
Green Alg. N. A., 1909, p. 407. Bryopsis Balhisiana var. Lamourouxii 
J. Agardh, Alg. Med., 1842, p. 18. 

This species is represented in the Herbarium of the University 
of California by two sterile specimens collected by Mrs. E. A. Law- 
rence, five miles south of the boundary between southern and Lower 
California. It is decidedly coarser than any other of the described 
species of the genus. 

FAMILY 6. CODIACEAE (trevis.) zanari>. 

Thallus dark green, spongy, siibspherical, applanate or erect, 
cylindrical, flattened, or jointed, simple or diehotomously branched, 
at times incrusted with lime, composed of intertwined branching fila- 
ments, the peripheral branchlets forming a palisade or pavement-like 
external layer; septa (diaphragms) frequent but in connection with 
formation of reproductive organs or in older filaments; chloroplasts 
parietal, small, very numerous, especially at the apices of the branches, 
destitute of pyrenoids; multiplication through fragmentation and by 
zoospores and anisoplanogamctes ; zoosporangia and gametangia differ- 
entiated and variously situated. 

Zanardini, Sagg. di class, nat. d. Ficee., 1843 (table opposite p. 17). 
Codieae Trevisan, Prosp. fl. Eugan., 1842, p. 50, Flora, 1843, p. 465 
(in part). 

The family, originally separated as Spongodiees by Lamouroux 
(1813, p. 280 or p. 71 of repr.), has long been recognized as distinct 
among the Chlorophyceae. It contains the most highly differentiated 
of the genera of the marine Green Algae, both as to complexity of 
thallus and as to differentiation of the reproductive cells, its only 
competitors being the Dasycladaccae and the Vaucheriaceae. The 
thallus is made up of interwoven coenocytic filaments, the peripheral 
branchlets of which arc distinctly and variously differentiated and 
combined into a distinct external layer. The sporangia and game- 
tangia are formed from modified lateral branchlets of the coenocytic 
filaments and the gametes are distinctly unlike in some species at 
least. Many of the species are heavily incrusted with lime and are 
important agents in the building up of coral reefs. The majority of 
the species are strictly tropical but some of the species of Codium are 
to be found in subtropical, temperate, and perhaps even in frigid 
waters. 

Key to the Genera 

1. Thallus without joints or calcification 7. Codium (p. 167) 

1. Thallus with distinct Joints and more or less calcified 8. Halimeda (p. 176) 
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7. Codium Stackh. 

Thallus spongy, not incrusted with lime, applaiiate, subspherical 
or cylindrical, simple or dichotomously branched, attached, dark 
green; medullary filaments vertically intertwined, giving rise to hori- 
zontal branchlets whose tips, swollen into ‘‘utricles,’’ form a con- 
tinuous external palisade layer; multiplication by fragmentation of 
the thallus; sexual reproduction through 2-ciliated anisogametes pro- 
duced in gametangia situated laterally on the utricles; dioecious or 
occasionally monoecious. 

Stackhouse, Nereis Brit., 1797, p. xvi. Lmn4irckm Olivi, in Olivi, 
Zool. Adriat., 1792, p. 258, and in Usteri, Ann., part 7, 1794, p. 76. 
Spo'ngodium Lamouroux, Essai, 1813, (p. 72 repr.). 

The designation of this genus presents certain difficulties. The 
earliest name proposed seems undoubtedly to be Lamarckia of Olivi 
(1792, p. 258 and 1794, p. 76). There are, however, several other 
genera dedicated to Lamarck and the generic names have been spelled 
in various ways. Tlic first of these was proposed by Medicus in 1789 
(p. 28), but is now regarded as a synonym of the Malvaceous genus 
Sida. hamarkia of Monch, proposed in 1794 (p. 201) is still recog- 
nized as a genus of grasses, and has been adopted by the International 
Botanical Congress at Vienna as a nomen conservandum (cf. Briquet, 
1906, p. 73, and 1912, p. 79). Codium was proposed by Stackhouse 
in 1797 in the first edition of the Nereis Britannica (2d fascicle, p. 
xvi), but in the second edition (1816, p. xii) evidently abandoned 
in favor of Lenmrkea/* There is an earlier generic name, Codia 
(Forster and Forster, 1776, p. 59), still used for a genus of Saxi- 
fragaceae, and Codineum of Rumphius (1743, p. 65) is still current 
among the Euphorbiaccae. Otto Kuntze (1891, p. 900) argues for 
Lamarckia^ ^ as the proper designation, but Coditim, properly diag- 
nosed (for the period), has been in almost universal use for nearly, 
if not quite, a century, and has the right of way now that the status 
of the name of Lamarkui has been settled as indicated above. 

The genus Codium contains somewhat over twemty-five described 
species agreeing closely in microscopic structure, but dilfering very 
decidedly in habit. Some are flat expansions, some are expanded but 
cushion-shaped, some are spherical and hollow, while some are either 
cylindrical or flattened but erect and branching. J. G. Agardh (1886, 
p. 35 et seq.) has subdivided the genus according to these differences. 
After habit, good characters for distinction of the species have been 
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sought for in the varying size, shape, proportions, and modification 
of the tips of the utricles. Further and more careful study in this 
direction, not only of plants of different species, but also of plants 
of varying ages of the same species is very much to be desired to 
determine the limits of these variabilities. 

The reproduction of Codium is known in detail only for the 
European C. tomentosum (cf. Oltmanns, 1904, p. 301, and West, 1916, 
p. 241). In this species the spore reproduction is exclusively sexual. 
There are two kinds of gametangia giving rise respectively to larger 
motile 2'Ciliated female gametes, and smaller but similar male gametes. 
Conjugation has been observed and a thick walled zygote is formed 
which germinates later. Nothing has been undertaken, thus far, 
towards the study of the reproduction of our species. Gametangia ( ?) 
have been seen, in most species credited to our coast, but further stages 
have not been observed. 


Key to the Species 

1. Thallus prostrate 2 

1. Thallus erect 3 

2. Thallus applanate, flat 1. C. Setehellii (p. 168) 

2. Thallus cushion-shaped, rounded 2. C. Bitteri (p. 169) 

3. Utricles more or less mucronate 3. C. fragile (p. 171) 

3. Utricles never mucronate 4 

4. Thallus cylindrical or flattened only below the axils 5 


4. Thallus cylindrical only at base, decidedly flattened above 6. C. latum (p. 175) 

5. Utricles 400/Lt or more in maximum diameter 4. C. decorticatum (p. 172) 

5. Utricles 250/a or less in maximum diameter 5. C. tomentosum (p. 174) 


1. Oodium Setehellii Gardner 
Plate 30, and plate 9, figs. 10, 11 

Thallus forming dense, compact, spongy, irregular cushions, 6-10 
mm. up to 15 mm. thick, adhering firmly to rocks; color dark glossy 
green ; medullary filaments 12-30fi diam. ; utricles variable in shape, 
clavate, cylindrical, or sometimes constricted below the apex, truncate 
or slightly rounded above, 65-75/i wide, walls thin throughout when 
young, the outer ends 6-16/a thick and lamellose when older; game- 
tangia cylindrical or slightly fusiform, 300-330/a long, 45-55/a diam., 
growing singly on the utricles; trichoihes wanting. 

Growing on rocks in the lower littoral belt. Central California 
(possibly extending to southern California) and northward to Sitka,* 
Alaska. 
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Gardner, New Pac. Coast Mar. Alg. IV, 1919, p. 489, pi. 42, f. 10, 
11. Codium adhaerens Anderson, List of Calif. Mar. Alg., 1891, p. 
217 ; Howe, A month on the shores of Monterey Bay, 1893, p. 63 ,* 
McClatchie, Seedless Plants, 1897, p. 351; Saunders, Pour Siphon. 
Alg., 1899, p. 2, pi. 350, f . 3 a, b, c, Alg. Harriman Exp. 1901, p. 416 ; 
Setchell and Gardner, Alg. N. W. Amer., 1903, p. 231 ; Collins, Green 
Alg. N. A., 1909, p. 387 (not of Agardh). Codium dimorphum Hurd, 
Pug. Sound Mar. Stat. Publ., vol. 1, 1916, p. 211-217, pi. 38, f. 1-13 ; 
Collins, Green Alg. N. A., Supl. 2, June, 1918, p. 88 (not of Svedelius). 

Codium Setchellii represents the adhui^rens group of J. Agardh 
(1886, p. 37) on our coast. For many years all the collections of this 
group from the Pacific Coast of North America passed under the name 
of C, adhaerem (Cabr.) Ag. Many different species, however, have 
been and still are referred to C. adhaerens, and much careful study 
and comparison will be necessary before they can be satisfactorily 
separated. 

Miss Hurd {loc, cit.) was the first to throw doubt on the relation- 
ship of our plant with the C. adhaerens of the European coast. She, 
however, concluded from her studies that our plants, particularly from 
the region of the San Juan Group of Islands, Washington, are identical 
with C. dimorphum Svedelius (plate 9, figs. 7, 8) from West Pata- 
gonia. A careful study and examination of authentic material show 
sufficiently constant differences between that species and our plants 
to seem to make it necessary to consider ours distinct from that species 
and from the European C. adhaerens as well. It has consequently 
been described as new by Gardner (loc. cit.), its type locality being 
Monterey, California, since from that general locality only have fruit- 
ing specimens been collected. It is highly desirable that material be 
studied at different seasons throughout its range and fruiting material 
found with a view of determining whether we have one or more species 
on our coast. 


2. Codium Ritteri S. and G. 

Plate 16, fig. 5 

Thallus spongy, globose when young, becoming flattened, expanded 
and variously lobed when older, 1.5-2.5 cm. thick, attached by a broad 
base ; the center and lower portion consisting of tortuous, loosely inter- 
* woven, rhizoidal filaments, 50-65/4 diam. ; uti icles clavate, usually 
branching, rarely swollen in the middle and fusiform, mostly truncate, 
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150~250fi, up to 400/i diam. ; 2-4 mm. long, end wall slightly thickened 
and with a small depression in the center; gametangia unknown. 

Growing on rocks in the lower littoral and upper sublittoral belts. 
Extending from Kadiak Island, Alaska, to the west coast of Vancouver 
Island, British Columbia. 

Setchell and Gardner, Alg. N.W. Amer., 1903, p. 231, pi. 17, f. 
8-11. Codium adhaerens Tilden, Amer. Alg. (Exsicc.), no. 370 (not 
of Agardh). 

The type specimen is a small plant about three centimeters in 
diameter, or possibly it may be a small lobe of an old thallus that 
had become loosened at the base and by wave action had been torn 
from the remainder of the thallus. Since the publication of the species, 
excellent material, several inches across, has come from Alaska to 
the Herbarium of the University of California through the courtesy 
of T. C. Frye and G. B. Rigg. These show that the species is con- 
siderably expanded and variously lobed, though not adhering so firmly 
and closely to the rock as do other incrusting forms of this genus. 
The utricles in the upper portion away from the margin are relatively 
much longer and narrower than those figured for the type (Setchell 
and Gardner, loc, cit,). 

New utricles arise from the older one by lateral branching, as 
many as four and five appearing at a time. The point of origin 
remains constricted, and a plug cuts off the new utricular protoplast 
from the old one. In due course these branches may drop off, the 
old utricle continuing to grow, and later giving rise to others. From 
their bases the new utricles give rise to several rhizoidal filaments. 
The species probably fruits in the winter, since all the material thus 
far collected is sterile, and the collections have all been made in the 
summer. 

Setchell and Gardner (loc. cit., p. 232) suggested that possibly the 
plant distributed by K. Okamura (Algae Japonicae Exsiccatae, no. 
49) under C. nianiillosuni belongs under C. Ritteri. Okamura (1915, 
p. 152) dissents from this suggestion. Since having had opportunity 
for further study of C. Ritteri, reexamination of the Japanese plant 
leads us to conclude with Okamura that his plant is not the same as 
C. Ritteri, but we do not agree with him that it is the same as C. 
mamiUosum of Agardh. 

We have not seen the specimen of Codium mamiUosum of Coville 
and Rose (1898, p. 353) from Preobrazhenskoye, Copper Island, in 
the Commander Group, Siberia, but, on account of the low tempera- 



1920] 


Setchellr-Oardner: Chlorophyceae 


171 


tiire of the water at that point, we suspect that their plants may 
belong rather to C. Ritteri than to C. manvillosum which is a sub- 
tropical species. 


3. Codium fragile (Surhig.) Ilariot 

Plates 28, 29 

Fronds one to several from a broad spongy disk, cylindrical, 
profusely and dichotomously branched, 25-40 cm. high, 2-10 mm. in 
diameter, glossy, dark green, finely rugose on the surface or, at tim(*s, 
densely tomentosc with long hyaline hairs; utricles eylindric clavate, 
150-350/i. (occasionally 630//,) in maximum diameter, and 5-10 time's 
as long as broad, provided (at least when young) with a more nr 
less distinct rniicro; gametangia ($ ?) fusiform, 1-3 to each utricle, 
250-450/a long and 75-150/a in diameter. 

Growing on exposed rocks and in small pools in the littoral belt. 
Alaska to Mexico. 

Ilariot, Algues du Cap Horn, 1889, p. 32; De-Toni, Phyc, Japon. 
Novae, 1895, p. 64. Acanlkocodium fragile Suringar, Algarum 
Japonicaeum, Index praec. 1867, ihid., Hedwigia, vol. 7, 1868, p. 55; 
Algae Japonicae, 1870, p. 23, pi. 8; ibid., Hedwigia, vol. 9, 1870, 
p. 133. Codium. mticronaUim J. Agardh, Till. Alg. Syst., 5th part, 
1886, pp. 43, 44; Hurd, Pug. Sound Mar. Stat. Publ., 1916«, vol. 1, 
pp. 109-135, pi. 19-24; Setchell and Gardner, Alg. N.W. Amer., 1903, 
p. 232; Saunders, Alg. Harriman Exp., 1901, p. 416. Four Siphon. 
Alg., 1899, p. 1, pi. 350, f. 1 a, b, c, d; Collins, Green Alg. N. A., 1909, 
p. 389; Collins, Holden and Setchell, Phyc. Bor.-Amer. (Exsicc.), 
no. 229. Codium tomentosum Tilden, Amer. Alg. (Exsicc.), no. 281 
(not of Stackhouse). 

The mucroiiate tip of the utricle of this plant is a prominent 
specific character, but this character is subject to extreme variation. 
J. Agardh (1886, pp. 43, 44) separated the species into three varieties 
based chiefly upon the character of the mucro. We have studied and 
compared plants from a considerable number of different localities 
ranging from Alaska to Mexico, and have come to the conclusion that 
the species cannot be split into varieties based upon that character. 
Single plants may be found producing mucronate tips covering the 
entire range of shapes, as regards thickening of the walls and acute- 
ness of the tip, that have been used to designate the varieties. Miss 
Hurd (1916a, p. 109) made a critical study of the species as occurring 
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in the vicinity of the Puget Sound Marine Station, and came to the 
conclusion that they exhibited all the possible variations assigned to 
the varieties novas-zelamdiae and caUfornicum, both of which have 
been accredited to our coast. Cotton (1912, p. 114-119, pi. 7, 8, f. 3-5) 
has discussed the species as found on the coasts of Ireland and of 
Scotland with remarks on the varieties described by himself and 
J. G. Agardh. 

As usually found, Codium fragile gives no impression of being 
tomentose, but occasionally plants are found which are covered with 
a thick coating of hairs. Miss Hurd (1916a, p. 114-116) has dis- 
cussed the hairs on the utricles of this species in some detail, but 
did not find the extreme tomentose condition found by one of us 
(Gardner) at Redondo, California where the hairs were 2 mm. long, 
and so densely covering the whole plant as to make it seem as if para- 
sitized. It seems that the conditions causing such extreme growth of 
hairs have not as yet been definitely ascertained (cf. Hurd, loc, cit., 
and Oltmanns, 1905, p. 239). There is still a fertile field for obser- 
vation and experimentation in this subject. 

Codium fragile seems to be a widespread species. J. G. Agardh 
described it as occurring on the west coast of North America, in New 
Zealand, in Australia and in Tasmania. It has been found also in 
the Cape of Good Hope region and in the region of the Straits of 
Magellan (Hariot, 1889, p. 33, and Svedelius, 1900, p. 299) and on 
the coasts of Scotland and of Ireland (cf. Cotton, 1912, p. 115). 
This is certainly a wide distribution in widely separated waters, but 
at least the waters have approximately the same temperatures for 
certain portions of the year. It is interesting to compare in this con- 
nection Codium divaricatum f. hybrida Okamura (1915, p. 157, pi. 
135, f. 17), which is suggested as being a hybrid between C. divari- 
catum Holmes and C. fragile (Suring.) Hariot. 


4. Codium decorticatum (Woodw.) Howe 

Thallus sparingly branched, dichotomous, up to 5 dm. or more 
long, usually decidedly flattened under the dichotomies; peripheral 
utricles obovoid to broadly clavate, thin walled throughout, obtuse, 
135-520/i maximum diameter, 5()0-70(V long. 

La Paz, Lower California. 

Howe, Phyc. Studies V, 1911, p. 494. Ulva decorticata Woodward, 
Observations upon the generic characters of I7iw, 1797, p. 65. 



1920] 


Setchellr-Oardner: Chlorophyceae 


173 


Howe (loc. cit.) refers a plant from La Paz, Lower California, 
to this species, apparently with some confidence, and at the same 
time he selects C odium decorticatum as the correct name instead of 
C. elongatum. We have not seen Howe's plant, but certain questions 
arise as to the exact nature of C. decorticatum and of C. dongatum. 
The type specimen of Viva decorticata Woodward {loc, cit,) is 
unknown and the type region is given as the Mediterranean Sea with 
the statement that the exact locality was unknown to the author. The 
type locality for C, elongatum Ag. (1822, p. 454) is Cadiz, Spain. 
The species is related to C, tomcntosum, but differs in being more 
elongated, with fewer and longer branches, and in being more or less 
distinctly dilated and flattened just below the axils (or some of them). 
Such a plant is figured by Kuetzing (1856, pi. 96 b), but his plant 
came from Rio Janeiro, Brazil, a tropical locality. Bornet (1892, 
pp. 216, 217) has given his experience with C, dongatum and his 
attempts to ascertain the characters upon which separation could be 
made from C, tomcntosum. He considered two sets of characters, viz., 
the extent of infra-axillary dilation and the magnitude of the utricles. 
Bornet decided to separate the species according to the presence or 
absence of dilations, and to subdivide the species with dilations (C. 
eUyngatum) into a variety with large utricles and one with small 
utricles, since this fulfilled the idea of C. Agardh and also corre- 
sponded with the geographical distribution. C odium elongatum with 
small utricles extends north along the Atlantic ccjiast of France and 
to England, while C, elongatum with large utricles does not extend 
north of Cadiz. In this connection it is interesting to note again that 
Cadiz is the type locality of C, dongatum, and to note also that the 
type specimen of C, elongatum is, according to Howe (1911, p. 495), 
provided with slender utricles. The tropical forms referred to C, 
elongatum (or C, decorticatum^) have stout utricles as Kuetzing has 
described and figured {loc, dt,). We suspect that there may be two 
overlapping species of somewhat similar habit, but differing in utricles 
and in geographical distribution, represented under C, decorticatum. 
It may be that C, decorticatum (Wood.) Howe, being a Mediterranean 
species (subtropical), may finally be separated from C, elongatum 
Ag., the more northern (temperate) species which reaches its southern 
limit near Cadiz and Tangiers, and there intermingles with the large 
utricled form {C. decorticatumt) as Bornet has found it. Howe's 
plant from La Paz is described as having large utricles (up to 520/4 
diam.) and must therefore be arranged with the larger form of Bornet. 



174 


University of CtiMfornia Publications in Botany [Vol. 8 


5. Oodium tomentosiun (Hiids.) Stackh. 

Thallus rather slender, much branched, 22-87 cm. high when grow- 
ing in pools, 48-60 cm. high when growing in deep water, 3-4 mm. 
thick, cylindrical, often slightly flattened at the axis, dichotomous, 
surface often very tomentosc, becoming smooth with age, color dark 
green ; utricles cylindrical, small, 500-650/i. long, 120-170/i (rarely to 
220/ji) wide, apex usually distinctly thickened, blunt; smaller utricles 
sometimes pointed, but never miicronate; gametangia (?) small, 200- 
250/1. long, 40-70/x wide; gametes 20-22/* long, 10-12/* wide. 

La Paz, Lower California. 

Stackhouse, Ner. Brit. (fasc. 3), 1801, p. xxiv; pi. 7; Howe, 
Phyc. Studies V, 1911, p. 493; Collins, Green Alg. N. A., 1909, p. 388; 
Harvey, Phyc. Brit., 1846, pi. 93; Vickers, Phyc. Barb., 1908, p. 22, 
pi. 26. Fucus tonientosus Hudson, Flora Anglica, 1778, p. 584. 

In attempting to arrange the erect branched species of our coast 
with non-mucronate utricles, we are confronted with a problem of 
which the solution seems impossible at present. In the first place, 
the material available to us is slight ; in the second place, the reference 
of the similar species of Europe aiid other parts of the world is not 
at all satisfactory; and in the third place it is impossible at present 
to examine the types of the hitherto described species of this group. 
When we add to this a lack of knowledge as to the possible variation 
in habit and size of utricle of the species of C odium, it seems sufficient 
to prevent us from presenting any but a tentative, and by no means 
satisfactory, arrangement. We have decided to refer our plants of 
this group under two species, viz., C. tonientosiim (Huds.) Stackh. 
and C, decor iicatum (Woodw.) Howe. 

C odium tomentosum was originally described from Exmouth in 
Devon, on the south coast of England. The type specimen will pre- 
sumably be found in the Buddie Herbarium in the British Museum, 
but no account has been published as to its exact nature. Cotton 
(1912, p. 114) has published an exact description of the Clare Island 
plant which, presumably, is true C. tomentosum, and we have adopted 
this in our diagnosis. We may assume that the typical form is a 
slender, much branched plant, of varying length, cylindrical, or often 
slightly flattened just below the axils and with slender utricles, “120- 
170/* (rarely to 220/*) wide,” with apex distinctly thickened and blunt 
or at times pointed, but never mucronate. We have never seen a 
plant from our coast answering to this description. Howe {loc. cit,) 
has referred here a plant from La Paz, Lower California. He also 
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seems to be inclined to refer here no. 628 of the Phyc. Bor.-Ainer. 
from La Jolla, California, which was distributed under the name of 
Codium Lindenbergii (cf. plate 31). We have examined the specimens 
of no. 628 in our copies of the distribution. Altogether there are 
three specimens available and all are much branched, rather broad 
(up to 1.5 cm.) plants which seem distinctly flattened. The utricles 
vary more than we have found to be the case in European C. tomcn- 
tosum. In fact there is almost a “dimorphism^’ and the occasional 
larger type of utricle reaches a diameter of 150-330/* while the diam- 
eters of the smaller, somewhat differently shaped, utricles range from 
45-80/* or more. The walls of both sorts of utricles may be thickened 
at the top, even to 28/*. The gamctangia (?) are broadly fusiform 
and measure close to 200/* long and 100/* wide. More information is 
needed concerning these plants and it is hoped that further collections 
may be made. They do not seem to belong to C. Lindenberqii since 
they, although flattened, differ decidedly in details of branching and 
in breadth. The utricles of C. lAndenbergii, as described and figured 
by Kuetzing, are probably at least 250/* in maximum diameter, and 
in specimens distributed by Tyson (no. 55) occur up to at least 380/* 
in diameter, while the gametangia ( ? ) are 200/* to 228/* long and 
76/* to 95/t wide. It should be mentioned, however, that there are 
three flattened species described from Cape Colony, viz., C, Linden- 
bergii Kuetz., C, damiaecorne (Bory) Kuetz., and C, platylobium 
Aresch., usually combined (cf. J. G. Agardh, 1886, p. 46) under the 
name of the first species, but possibly without good reason. 

Bornet (1892, pp. 216, 217) discusses at length a similar problem 
connected with Schousboe’s plants from Tangiers and refers C. Lin- 
denbergii as a form with smaller utricles under C, clongatum Ag. 
More has been said of this under C. decorticatum. 

In conclusion, we may say that we are not satisfied in referring 
the plant of southern California (as represented by no. 628, Phyc. 
Bor.-Amer.) to C. tomentosum and feel that it is probably an unde- 
scribed species. More experience with the living plant is needed, 
however, satisfactorily to determine its exact status. 

6. Oodium latum Sur. 

Plate 15, fig. fi 

Thallus arising from a small, spongy disk, 15-25 cm. high, or more, 
the lower stipitate portion cylindrical, 3-5 mm. diam., 2-3 cm. long, 
more or less branched and abruptly flattened into broad, di-tricho- 
tomously branched lobes rounded at the apices; lobes 2-3 mm. thick 
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and up to 5 cm. or more wide; utricles 500-600^1. long, 50-110/1, up 
to 160 / 1 , diam., nearly cylindrical when young, with a constriction just 
below the rounded apex, at maturity, with a decided shoulder below 
the constriction bearing a whorl of 4-6 hairs, membrane usually thick- 
ened at the apices, up to 25/i thick; gametangia (t) borne below the 
middle of the utricles, fusiform, 220/i long, 60-75/1 diam., membrane 
thin. 

Guadalupe Island, Mexico. 

Suringar, Algae Japonicae, 1870, p. 22, pi. 7; Okamura, Icon. 
Japan. Algae, 1915, vol. 3, no. 9, p. 158, pi. 142. 

The inclusion of C odium latum Sur., a Japanese species, in our 
account is based upon several specimens in the Daniel Cady Eaton 
Herbarium of Yale University. These specimens were collected on 
the shores of Guadalupe Island by E. Palmer in 1875. The specimens 
are nearly cylindrical and dichotomous or dichotomo-fastigiate below, 
but soon expand into long, broad, flattened lobes or branches. The 
particular character which makes the reference of these specimens to 
C, latum seem plausible, is the existence of a distinct whorl or verticil 
of hairs (shown in older specimens by projecting scars) a little below 
the broad apex of each utricle. These are distinctly represented in the 
illustrations of the species by Okamura (1915, pi. 142, f. 4, 6). The 
specimens resemble those of the (7. Lmdenhergvi complex, but differ 
decidedly in the shape and size of the utricles as well as the arrange- 
ment of hairs upon them. The Guadalupe plants do not approximate 
the extremes of either length or breadth given by Okamura {loc, cit,) 
for his Japanese specimens but are very similar to the dimensions 
given by Suringar {loc, cit,). 


8. Halimeda Lamour. 

Fronds jointed, freely branching from near the base, attached by 
a dense mass of rhizoidal filaments usually strongly calcified except 
at the nodes; segments from slightly to very much flattened and 
expanded, flattened cylindrical, cuneate, orbicular or reniform, entire 
or variously lobed ; medullary tissue a strand of longitudinal, slender, 
branched, unseptate filaments, expanding in the segments by lateral 
branchlets whose terminal cells (utricles) cohere more or less tightly 
to form a continuous layer, but unchanged, although often anastomos- 
ing, at the nodes and at the apex ; reproduction by globose or ovoid 
sporangia (?) borne on slender filaments projecting beyond the sur 
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face of segments and producing 2>ciliated zoospores (?) whose further 
development has not been followed. 

Lamouroux, Class. Polypes, 1812, p. 186. 

The genus HaUmeda is very well marked on account of its calcified, 
jointed structure, most of the species are strongly calcified, but in the 
single species thus far detected on our coast the calcification is slight. 
The species are strictly tropical, occurring in abundance on coral reefs 
and assisting nmterially in their formation. Otto Kuntze (1891, p. 
908) has urged the substitution of the earlier name Opuniiodcs of 
Ludwig (1737, pi. 138), but since HaUmeda has been in practically 
undisputed use for over a century, it seems best to retain it as a 
nomen conservandnm^* if necessary. 


Halimeda discoidea Dec’ne 
Plato 13, fig. 3 

Fronds branched in one plane, up to 15 cm. high, nearly orbicular 
in outline, very slightly calcified, color bright green, fading on drying; 
segments mostly quadrangular-oblong or cuneate-obovoid, the longer 
axis longitudinal rather than transverse, thin, smooth; central fila- 
ments fused in twas, rarely threes, at the nodes; utricles of subcortical 
layer 68-175 /a diam., larger than the interlocked, often fusi^d, peri- 
pheral utricles. 

La Paz, Lower California. 

Decaisne, Mem. sur CoralL, 1842a, p. 102; Howe, Phyc. Studies 
III, 1907, pp. 495-500, pi. 25, f. 11-20, pi. 26, Phyc. Studies V, 1911, 
p. 492. 

Only a single species of Halimeda has as yet been credited to our 
coast and from a single locality, viz., La Paz in California Baja (or 
Lower California), Mexico. From this locality it is reported by Howe 
(lac. cit.), and we have also specimens collected at the same locality 
by Dr. and Mrs. Marchant. It is to be distinguished fairly readily 
from other flat, jointed species by its slight calcification and by the 
large rounded utricles of the subcortical layer. Other species are to 
be looked for along the tropical portion of our coast. 

FAMILY 7. VAUCHEBIACEAE dumort. 

Filaments simple or usually more or less dichotomously branched, 
cylindrical throughout or with frequent constrictions, without septa, 
often gregarious into expanded tufted or feltlike masses, attached at 
first by colorless rhizoidal branches ; chromatophores numerous, small, 
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lenticular, destitute of pyrenoids; akinetes(t) thick-walled formed 
within the continuity of the filaments ; aplanospores large, ellipsoidal, 
formed at the ends of the branches; zoospores large, formed at the 
ends of the branches, provided with many cilia arranged in pairs 
with a nucleus immediately beneath each pair; sexual reproduction 
anisogamous ; antheridia tubular, usually curved, emitting many very 
small uninucleated 2-eiliated male gametes; oogonia swollen, globular 
to ovoid, sessile or pedicellate, single or several together, producing a 
single large uninucleate non-motile female gamete amply provided 
with chromatophores, fertilized in position ; monoecious or dioecious. 

Diimortier, Comm, bot., 1822, p. 71, Analyse fam. pi. 1829, p. 77. 
Vaucherideae Gray, Arr. Brit. PL, vol. 1, 1821, p. 288. 

The family of the Vaucheriaceae, while simple in its coenocytic 
structure and form of filament, is probably the most complex in its 
reproduction among the Chlorophyceae. The zoospore is distinctly 
coenocytic, being large and covered with cilia which, however, are 
arranged in distinct pairs, each pair associated with its own nucleus. 
The male gametes, on the other hand, and the female gametes, so far 
as examined, possess at maturation only a single nucleus. They are 
very different in size and, while the female gamete or egg is non- 
motile, the sperms or male gametes are motile, with two equal cilia 
widely separated and pointing in opposite directions. 

There are two genera usually included in the family, viz., 
Vauchcria with continuous and unconstricted filaments and Dicho- 
tomosiphon with more or less interrupted and constricted filaments. 

9. Vaucheria DC. 

Filaments continuous, without constrictions ; reproduction as indi- 
cated for the family. 

De Candolle, Extrait d’un rapport sur les Conferes 1801. 

The genus Vaucheria includes both fresh-water and brackish-water 
species. A few are truly marine. There are both marine and brackish 
water species about San Francisco Bay, but careful search has as yet 
failed to reveal any trace of sexual reproduction in these. Without 
a knowledge of the details of this process, it is impossible to be certain 
of their identification. Specimens of this genus are better preserved 
for future study in formalin solution or in alcohol, since dried speci- 
mens are difficult to restore to normal appearance on moistening. 

Otto Kuntze (1891, p. 926) raises the query as to whether 
Vaucheria DC. or Ectosperma Vaueh. is the older name. We are 
unable to settle this question. 
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Order 3. SIPHONOCLADIALES (blackman and tansley) 

OLTMANNS 

Thallus usually of abundantly branched filaments, or of slightly 
branched sacks, septate, divisions multinucleate ; chromatophores 
single and reticulate or numerous and lenticular ; sexual reproduction 
by isoplanogametes. 

Oltmanns, Morph, und Biol, der Algen, vol. 1, 1904, p. 134. 
Siphonocl>adeae Blackman and Tansley, Class. Green Algae, 1902, 
p. 119. 

The order Siphonocladiales consists of plants with septate 
eoenocytes, thus differing from the Siphonales which have unseptate 
coenocytes and from, the Ulotrichales whose filaments am made up 
of cells in the restricted sense. Siphonocladiales are large, richly 
branched, filamentous species, although a few are iinbranched or 
branched only slightly, while some species are sack-shaped with few 
and short segments separated from the main portion of the plant. 
The larger numb(ir and more complex families of this ord(?r are 
tropical and marine, but some families are well represented in fresh 
water also, and in extra-tropical as well as in tropical waters. Almost 
nothing is known of the tropical forms of our coast. 

The recognition of the group of septate coenocytes among the 
Chlorophyceae as separate from the group of unseptate coenocytes, is 
due to Schmitz (1878, 1879, p. 273), who designated it as family 
Siphonocladiaceae. The placing of this group as a subseries ( ?) and 
as being made up of separate families is due to Blackman and Tansley 
as quoted above, although the content was not exactly coincident with 
that now generally assigned to the order. Although the idea of a 
separate group originated with Schmitz, Blackman and Tansley were 
the first to view it as practically a suborder of Siphonales and as 
made up of families. 

FAMILY 8 . CLADOPHORACEAE (hass.) de-toni (ampl.) 

B^ronds of simple or branching monosiphonous filaments, free or 
more or less united laterally ; septa frequent, enclosing segments with 
few to many nuclei; chromatophores broad, reticulate or polygonal- 
lenticular, but arranged in a network and at times connected by 
slender strands; multiplication by fragmentation and by akinetes; 
reproduction by 4-ciliated (or possibly 2-ciliated) zoospores and by 
2-ciliated isogametes, formed in segments slightly, if at all, differ- 
entiated. 



180 


University of Calif omia Publications in Botany [Vol. 8 


De-Toni, Syll. Alg., vol. 1, part 1, 1889, p. 264. Cladophoreae 
Hassall, Brit. P. W. Algae, vol, 1, 1845, p. 213. 

The family of the Cladophoraceae is understood in various ways, 
but it has seemed best to understand it in the sense used by Oltmanns 
(1904, p. 255) and by Collins (1909, p. 321). It includes all the forms 
of the strictly filamentous Siphonocladiales which are either simple 
•or, if branched, have branches which are septate at their bases, usually 
with no distinct main axis in the branched forms, and with all axes 
of indefinite growth. Thus we include Microdictyon, Boodlea and 
Anadyomene. Possibly Struvea also should be included in this family 
but it has a very distinct main axis and lateral axes of definite growth. 
In these respects Struvea resembles the Dasycladaceae, but it differs 
from the members of this family in its lack of calcification and of 
specialized zoosporangia (or gametangia) while it differs from the 
members of the Siphonocladiaceae (in the narrower sense) by having 
septa at the the bases of the branches. In Cladophoropsis, there occur 
more or less basal septa, but more frequently they are absent. We 
have followed West (1916, p. 305) in referring Oomontia to the 
Ulotrichales. 


Key to the Genera 

1. Filaments simple 2 

1. Filaments branched 6 

2. Filaments usually stiff or rigid 3 

2. Filaments flaccid 5 

3. Filaments large, over lOO/x diam, 12. Chaetomorpha (p. 198) 

3. Filaments smaller, under 100^ diam 4 

4. Filaments attached 12. Chaetomorpha (p. 198) 

4. Filaments unattached, prostrate 10. Rhisocloniom (p. 180) 

5. Filaments attached 11. Hormiscia (p. 187) 

5. Filaments unattached, prostrate 10. Bhizocloniiim (p. 180) 

6. Branches free 7 

6. Branches anastomosing, forming a network 15. Microdictyon (p. 231)^ 

7. Filaments not held together by special rhizoidal or hooked branchlets 

13. Cladophora (p. 207) 

7. Filaments held together by special rhizoidal branchlets or by hooked branchlets 
or by both 14. Bponfomorpha (p. 220) 


10. Bhizoclonium Kuetz. 

Filaments usually prostrate, or slightly ascending, of a single series 
of segments, unbranched, or occasionally slightly branched, with few 
to many rhizoidal branchlets composed of one to few segments; seg- 
ments with on^ to several nuclei (rarely one) and a single reticulate, 
parietal chromatophore with numerous, more or less regularly spaced, 
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pyrenoids; multiplication by fragmentation and by akinetes; repro- 
duction by 2-ciliated zoospores with stigmata; gametes unknown. 

Kuetzing, Phyc. Gen., 1843, p. 261, Ueber syst. Einthcil. der Algen, 
1843a, p. 75 (nomen nudum). 

The genus Khizoclonium, as founded by Kuetzing but without 
special indication of type species, is one of the simplest of the Clado- 
phoraceae. It consists ordinarily of species with simple, unbranched 
filaments whose segments are provided with comparatively few nuclei. 
The rhizoidal branches may, or may not, be readily found. In the 
absence of these it is sometimes difficult to be certain of the genus. 
The species may usually be distinguished from Chaetonnorpha by their 
characteristically cylindrical, never swollen, segments with a smaller 
number of nuclei in each, as well as by their different texture and 
tendency to a horizontal habit. The branched species resemble Clado- 
phora, but the branches push aside the main axis and continue the 
direction of the main filament. The species of Rhizoclonium inhabit 
both the fresh and the salt waters. 

The separation of the species of Rhizoclonium one from another 
presents certain difficulties which are increased by the fact that very 
little seems to have been done in the culture of species of this genus. 
The following characters have been considered: (1) color, (2) texture, 
(3) straightness or crispate character of the filaments, (4) diameters 
of the segments, (5) proportions of length to breadth of the segments, 
(6) varying thickness of the walls of the segments, (7) varying num- 
ber of nuclei in the segments, (8) presence or absence of long (true) 
branches, and (9) presence or absence of rhizoids. Of these char- 
acters, it seems from our present imperfect knowledge that 1, 2, 3, 8 
and 9 are the more dependable characters, and that 4, within certain 
limits, is very helpful. Characters of 5, 6, and 7 will vary within wide 
limits in the same plants, according to whether they are actively divid- 
ing or passing into a quiescent condition, as one of us (Gardner) has 
experienced in growing Rhizoclonium lubricum in the laboratory, and 
as Brand (1908, p. 66) has stated as the results of his cultures. 

The principal account of Rhizoclonium of more recent years is that 
of Stockmayer (1890), but his arrangement of the marine species is 
not satisfactory to most students. The general disposition of the 
marine species made by Rosenvinge (1893, p. 911 et seq, and 1894, 
p. 126-129) seems based on more certain characters and has been 
generally followed. F. Brand (1908, p. 45 et :eq.) has made some 
important studies through cultures, testing certain of the characters 
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mentioned above as to their constancy or variability. After consider- 
ing all the data possible it has seemed best to take a somewhat nar- 
rower view of specific limits than has been prevalent and divide our 
west coast plants among five seemingly distinct species. 

Key to the Species 

1. Filaments flaccid or lubricous, straight or flexuous, light or yellowish green 2 


1. Filaments rigid, contorted, dark green 5. B. tortaosum.. (p. 185) 

2. Layer fleecy, filaments flexuous, 10--35 m 3 

2. Layer lubricous, filaments straight, 25-50/x 4. B. Inbiicum (p. 185) 

3. Rhizoidal branches frequent, often 2-3 septate 1. B. ripaiium (p. 182) 

3. Rhizoidal branches scarce, when present non-septate 4 

4. Filaments lO-14/x 3. B. Kemeri (p. 185) 

4. Filaments 20-30/1 2. B. implezum (p. 183) 


1. Bhizoclonium riparium (Roth) Ilarv. 

Filaments pale green, expanded on the substratum, flexuous, inter- 
twined into a fleece; segments 20-25/* diam., rarely slightly greater 
or smaller, usually once or twice as long as broad; branches and 
rhizoids frequent, often 2-3-septate. 

In skein-like masses on cliffs or hard clay banks, often among other 
algae in the littoral belt. Alaska to central California. 

Harvey, Phyc. Brit., vol. 2, 1849, pi. 238 (binomial attributed to 
Kuetzing) ; Collins, Green Alg. N. A., 1909, p. 327 (in part). Can- 
ferva riparia Roth, Cat. Bot., vol. 3, 1806, p. 216 ; Dillwyn, Brit. Conf., 
1809, p. 69, pi. E. Rhizoclanium riparium var. polyrhizmi Rosen- 
vinge, Groenl. Havalg., 1893, p. 913, f. 32; Collins, Green Alg. N. A., 
1909, p. 328 ; Collins, Holden and Setchell, Phyc. Bor.-Amer. (Bxsicc.), 
no. 2238. 

There is no question in our minds that the situation as to species 
of Bhizoclonium on the Pacific Coast of North America is very similar 
to, if not perhaps identical with that on the Atlantic Coast of the same 
continent and on the Atlantic shores of Europe. There are at least 
two sets, or groups, of plants differing somewhat in dimension and 
in habit. One of these sets of forms is usually referred to Bhizoclonium 
riparium and the other to B, tortuosum. This would be reasonably 
satisfactory, if no previous conceptions existed to be considered. The 
two species, however, as far as names are concerned, date back to the 
early portion of the nineteenth century, viz., to the publications of 
Roth (1806) and Dillwyn (1809) respectively. Unfortunately no 
type specimens are available to us and we can simply follow the 
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custom, with such information as we may glean from the literature. 
The Conferva riparia Both was known to Dillwyn (1809, p. 69, under 
no. Ill) by an authentic specimen in Turner’s herbarium. Dillwyn 
says that the English plants referred b}’' him to Roth’s species and 
figured under the name were treated so on authority of an authentic 
specimen. Dillwyn figures {loc. cit., pi. E) a plant which has shortly 
flexuous, but not contorted, filaments and fre(iuent rhizoidal braiichlets 
of several segments each. Harvey (1849, pi. 238) figures a similar 
plant which he states is certainly that of Dillwyn, since it is drawn 
from a specimen belonging to Miss Hutchins (from Bantry Bay) 
referred to by Dillwyn. The type of Rhizoclonium riparinm (Roth) 
Kuetz., then, may be properly inferred to be the variety with frequent 
and complex rhizoids which Rosenvinge (1893, p. 913) named var. 
polyrhizum. This is certainly a Rhizoclonium, Ixung provided with 
the riiizoidal branches characteristic of the genus. In general the 
various authors agix'e that the diameters of the segments vary from 
20/1 to 35/1, but most commonly are from 20/i to 25/i. 

It seems best to us to keep Rhizoclonium ripariim as thus char- 
acterized distinct and separate from other varieties (than polyrhiztcm) 
usually referred to it. The var. implexum (Dillw.) Rosenvinge, while 
very similar to the type of R. riparium in both texture and diameter 
of its filaments, is to be distinguished by the scarcity and structure 
of the rhizoidal branchlets and is treated here as a distinct species. 
The Rhizoclonium riparium var. validum Poslie (1890, pp. 138, 139) 
is decidedly coarser than the type and is probably to be separated 
from R. riparium in the more restricted sense, although probably 
closely related to it. 


2. Rhizoclonium implexum (Dillw.) Kuetz. 

Filaments simple, 20-30/1 (rarely 40/i) in diameter, yellowish or 
light green, forming a horizontal fieecy layer; segments 1.5-2.5 times 
as long as broad; rhizoidal branches few or wanting, when present 
short, non-septate and usually continuous with the segments from 
which they arise. 

Forming fieecy masses on mud or on various objects in the littoral 
belt. Alaska to central California. 

Kuetzing, Phyc. Qerm., 1845, p. 206 (at least as to plant of Dill- 
wyn) ; Batters, Alg. Clyde Sea Area, 1891, p. 230, repr., p. 8. Con- 
ferva impUxa Dillwyn, Brit. Conf ., 1805, p. 46, pi. B ; Harvey, Phyc. 
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Brit., vol. 1, 1846, pi. 54 B. Khizoclonium riparium var. implcxum 
Bosenvinge, Groenl. Havalg., 1893, p. 915; Saunders, Alg. Harriman 
Exp., 1901, p. 414; Setchell and Gardner, Alg. N.W. Amer., 1903, 
p. 222; Collins, Holden and Setchell, Phyc. Bor.-Amer. (Exsicc.), no. 
976; Collins, Green Alg. N. A., 1909, p. 328. Bhizoclonium riparium 
Tilden, Amer. Alg. (Exsicc.), no. 379 (not of Roth or Kuetzing). 

A plant very similar to Rhizoclanium riparium, but destitute of, 
or provided with very few and simple, rhizoids, is found on the shores 
of the Pacific Coast of North America. This seems to be the same 
as the plants from both the European and North American Coasts 
which have passed under the name of Rhizoclonium riparium var. 
implexum. The filaments arc nearly the same in diameter as those 
of the preceding, but possibly average slightly smaller. The rhizoidal 
branches are often entirely wanting and in no case are really abun- 
dant. When present they alway lack septa and generally are not cut 
oif from the segment from which they arise. The growth is generally 
more entangled and fleecelike than that of the preceding sp(‘cies. It 
seems best to us to keep this form, which seemingly has a wider dis- 
tribution along the Pacific Coast than R. riparium, separate. In 
adopting the name of R, implexum, we are guided by the descriptions 
of others. The type specimen of Dillwyn is unknown to us, but this 
set*ms to be the plant of Harvey and possibly also of Kuetzing and 
Roseiivinge. Harvey evidently founded his description on Miss 
Hutchinses specimen from Bantry Bay which is a topotype, possiblj^ 
even a cotype of Dillwyn 's species. Harvey and Dillwyn give no 
measurements of Conferva implexa, but Harvey states that the fila- 
ments are about two-thirds of the thickness of those of C. tortuosa. 
The latter is probably 40/x to lOfi in diameter. Kuetzing assigns to 
his Rhizoclonium implexum a diameter of about ll/x 

to 12/1, which is very much more slender than the Rhizoclonium 
riparium var. implexum of Rosenvinge which is described as being 
20/1 to 30/1 (or 40/1 ) in diameter. 

Our plants agree well with no. 142 and even with no. 190 of 
Wyatt’s Algae Danmonienses, issued under the names of Conferva 
implexa and C. tortuosa respectively. No. 142 shows no rhizoids 
while no. 190 shows frequent unseptatc rhizoids. The segments in 
no. 142 vary from 35/i to 45/i, while those of no. 190 vary from 22/i 
to 27/1. They also agree in general with no. 624 of Wittrock and 
Nordstedt's “Algae aquae dulcis exsiccatae,” distributed under the 
name of Rhizoclonium riparium f. valida Foslie. 
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3. Rhizoclonium Kerneri Stock. 

Filaments pale yellowish green, segments 10-14/* diam., 3-7 diam- 
eters long, free from rhizoids or branches. 

Growing in loose masses in tide-pools. Victoria, Vancouver Island, 
British Columbia. 

Stockmayer, Ueber die Algengat. Rhizoclotiiutn, 1890, p. 582; 
Collins, Mar. Alg. Vancouver Island, 1913, p. 103. 

We have not seen any specimens of this species and arc including 
it upon the authority of Collins {loc, cit.). It is decidedly more slen- 
der than the other four species of Rhizoclonium thus far detected on 
our coast. 


4. Rhizoclonium lubricum S. and G. 

Plate 9, figs. 5rt, h 

Filaments flaccid, lubricous, straight, cylindrical throughout, 3- 
4.5 dm. long, pale green ; segments 35-50/*, mostly 40/* diam., resting 
segments 4-6 diam. long, aft(T division segments 1-2 diam. long; 
chromatophore a coarse, parietal network; pyrenoids small, numerous, 
40-50 in resting segments; wall 2/* thick, homogeneous; rhizoids short, 
mere prolongations of cells, non-septate, rare; zoospores and gametes 
unknown. 

Growing attached in mud or floating on mud flats between lides. 
Roche Harbor, Washington, and Berkeley and Alameda on the shores 
of San Francisco Bay, California. 

Setchell and Gardnt^r, in Gardner, New Pac. Coast Mar. Alg. IV, 
1919, p. 492, pi. 42, f. 5; Collins, Holden and Setchell, Phyc. Bor.- 
Amer. (Exsicc.), no. 2289. 

This form closely resembles R, riparinm f. validum Foslie, but is 
practically free from rhizoids, has thinner walls and larger and longer 
segments. From R. implexum it differs in having broader, straighter 
filaments of very different consistency, as well as, usually, longer seg- 
ments. Unlike other species of Rhizoclo^nium it is very lubricous, in 
mass, having the consistency of a Spiragyra. 

5. Rhizoclonium tortuosum (Dillw.) Kuetz. 

Filaments rigid, crispate and contorted, dark green, 40-70/* diam., 
forming woolly skeinlike or ropelike horizontal masses ; segments 1-2, 
up to 6 times as long as broad, wall thick, indistinctly lamellose; 
rhizoids short, few or, more usually, none. 
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On various algae in the middle and upper littoral belts. Alaska to 
California. 

Kuetzing, Phyc. Germ., 1845, p. 205 (at least as to the plant of 
Dillwyn) ; Farlow, New Eng. Alg., 1881, p. 49; Setchell and Gardner, 
Alg. N.W. Amer., 1903, p. 223; Collins, Green Alg. N. A., 1909, 
p. 328. Conferva toriuosa Dillwyn, Brit. Conf., 1805, p. 46, pi. 46; 
Harvey, Phyc. Brit., vol. 1, 1846, pi. 54 A. Chaetomorpha tortuosa 
Kuetzing, Spec. Alg., 1849, p. 376 ; Harvey, Ner. Bor.-Amer., part 3, 
1858, p. 88, pi. 46 B. 

Kuetzing has described two plants, both founded, in the final 
analysis, upon Canferva toriuosa Dillwyn. One of these plants he 
bases directly upon Dillwyn ’s species and refers it to Rhizoclonium 
(1845, p. 205; 1849, p. 384). It is credited by Kuetzing to the North 
Sea. Kuetzing gives as the diameter of his Rhizoclohium 

tortuosum which approximates 32/i. to 35/*. The Conferva toriuosa 
J. Ag. (1842, p. 12) which is the C. toriuosa C. Ag. (1824, p. 98) 
and which, in turn, is founded, as to name at least, on C. tortuosa 
Dillw., is referred by Kuetzing (1849, p. 376) to the genus Chaeto- 
morpha as Chaetomorpha tortuosa and the diameter of the filaments 
is given as approximately 46/x to 56/x. It is restricted 

by Kuetzing to the Mediterranean and Adriatic Seas. 

Dr. Anna Weber-van Bosse has kindly allowed us to examine the 
specimens in Herbarium Kuetzing under the names of Rhizoclonium 
toriuosum and Chaetomorpha tortuosa. There are three of the former, 
from the Paenies, England and Cherl)ourg respectively. They all 
seem to be R. toriuosum in the sense in which we use the name : The 
specimen of Chaetomorpha tortuosa from the Kuetzing collection is 
from Nice and while it resembles fairly closely the Kuetzing specimens 
of R, tortuosum, it has much thicker walls and possibly may be found 
to belong to another species. 

Wo feel convinced of the likelihood of Conferva tortuosa Dillw. 
being the coarse, crispate plant which has been described by Harvey 
(1846, pi. 54 A) as Conferva tortuosa and (1858, p. 88) as 'Chaeto- 
morpha tortuosa and finally by Farlow (1881, p. 49) as Rhizoclonium 
tortuosum. 

As we understand this species, which is not common on our coast, 
it forms woolly skeinlike or loose ropelike masses of a dark green color 
on other algae in the littoral belt of exposed coasts. The filaments 
are rigid, harsh to the touch and crispate or contorted. In diameter 
its filaments exceed those of both R, riparium and R. implexum by 
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one-third or more. It varies in the length-breadth proportions of the 
segments, and plants with longer segments have been named forma 
longiarticulatum by Collins (Phyc. Bor.-Amer. (Exsicc.), no. 1735). 


11. Hormiscia Fries 

Filaments simple, attached at the base by rhizoids developing from 
a few of the basal segments, either intramatrical, extrainatrical or 
both ; segments miiltinucleate, all above the few basal ones similar and 
capable of division and producing zoospores or gametes; chromato- 
phore covering the segment wall, entire or more or less coarsely reticu- 
late, with few to many pyrenoids ; multiplication by akinetes formed 
by breaking up of the filaments into individual segments with thick 
walls, either producing new filaments or zoospores; reproduction by 
macrozoospores, by microzoospores and by gametes, produced many 
in a segment; maerozoospores obovoid, extending posteriorly into a 
long ‘‘tail,’^ provided anteriorly with 4 cilia; microzoospores smaller 
with less obvious tail and 4 cilia; sexual reproduction by 2-ciliated 
(possibly in some species by 4-ciliated) iso- or hetero-gametes. 

Fries, Flora Scanica, 1835, p. 327. Urospora Areschoug, Observ. 
Phyc., 1866. 

The genus as constituted by Fries, comprised two 

{Species, viz., 7/. penicilliformis and //. WormskiokUk The identity 
of the second species is clear enough, but that of the first rests some- 
what in doubt. It seems likely, however, that the Conferva penicilU- 
formis Roth is, in part at least, made up of the species more recently 
assigned under that name as well as under that of Urospora mirahilis 
Aresch. In such case, it seems best to follow Hazen (1902, pp. 146, 
147) and adopt the name Hormiscia Fries rather than Urospora 
Aresch. 

The genus Hormiscia, as at present understood, includes about 
fifteen described species inhabiting the cooler waters of the Northern 
Hemisphere. The filaments are characteristically simple but occasion- 
ally may be branched. The branches arc the result of injuries or, 
at least, of some disturbance of the normal course of development. 
In our own experience they are rare. IJsually the branches are short 
and rhizoidal, sometimes occurring in pairs, but at times they are 
longer, with evidence in both cases of some disturbance of normal 
growth at the point of origin. 
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Hormiscia is closely related to both Chaetomorpha and Rhizo- 
clonium. From both of these it differs particularly in the pointed 
posterior ends, or “ tails, of the 4-ciliated macrozoospores. The 
determination of this character is most satisfactorily made from living 
specimens. It is possible, however, to be certain of it in dried speci- 
mens of the mature fruiting stages if those are properly soaked out 
and stained. In such specimens, it is often possible to ascertain the 
shape of the zoospores with the conspicuous ‘ ‘ tail ' ' and in some cases 
even to determine the number of cilia present if specimens have been 
pn^served in formalin solution. From Rhizoclanium, Hormiscia differs 
in habit, in being attached at one end and erect, resembling Chaeto- 
morpha in this respect. From Chaetomorpha, Hormiscia differs in 
texture, being more flaccid or more lubricous. 

The species of Hormiscia resemble one another closely and are to 
be separated by several minor characters. Those usually employed 
are as follows: (1) chromatophores, (2) mode of attachment, (3) 
diameters of the segments, and (4) shape and proportions of the seg- 
ments. Besides there are some differences in height and texture to 
be considered. 

The chromatophores of the species of Hormiscia are annular, 
parietal, and single in the segment. They contain a larger or smaller 
number of pyrenoids, more or less regularly placed. Some ehromato- 
phores seem practically imperforate, some are finely reticulate with 
few or many small openings, while others are coarsely reticulate with 
few or many large openings. Some species have thin, membranaceous 
chromatophores, while others have thick, solid chromatophores. The 
characters of the chromatophore also vary somewhat according to the 
metabolic or reproductive condition of the segment. The study of 
the chromatophore of specimens which have been dried presents cer- 
tain difficulties, but usually they can be swollen up sufficiently and 
stained (we use acid Fuchsia) to show their nature. Ordinarily it 
is a fairly certain matter to determine whether a chromatophore is 
coarsely reticulate or not. With the more finely perforate chromato- 
phores, the difficulties are sometimes considerable. When dried speci- 
mens are mounted fresh from the water before any collapse of the 
protoplast has taken place, the chromatophore will swell out with 
water and may plainly be seen. When segments in the filament 
approach the reproductive condition, the chromatophore becomes less 
and less perforate and also thicker, finally breaking up into areolae 
(as seen from the surface) which precede the foimatiou of either 
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zoospores or gametes as the case may be. There seems also to be a 
very considerable multiplication of pyrenoids at about the same time. 
In the following account we have described the chromatophores as 
well as the material allows, pending investigation of living plants. 

The filaments of Horniiscia are attached at the base, at least at 
first. They are usually attached to rock or wooii, but may be, in some 
species at least, attached to other algae. Kjellman (1897, p. 8 et scq.) 
was the first to call attention to the variety in the method of attach- 
ment of the filaments of Ilormiscia, contrasting those of II, penicilli- 
formis with those of IL hicrassata. The differences depend upon the 
behavior of the rhizoidal outgrowths from the basal segments. In 
some species only a few of the lower segments emit rhizoids, while in 
others twenty or more of the basal segments may prcKluce them. In 
some species the rliizoids do not emerge from the outermost walls of 
the filament but descend along the segments below them, still enclosed 
within the walls, until the very Inise or near it, when they may or may 
not emerge and become free. We have designated such rhizoids as 
intranmtricM, In some sp(»cies, however, the rhizoids do not descend 
for any considerable distance within the outer wall of the filament, 
but emerge at once and (»ither extend at any angle to the filament or 
descend closely applied to it. Such rhizoids are designated by as as 
cxtramatrical, (For the terms intramatrical and extramatrical see 
Jonsson, 1903, p. 360.) 

In diameter the filamenis vary considerably, botli in regard to 
the different species and in regard to the segments in different por- 
tions of the same filament as well as in filaments of different ages. 
The filaments taper from the base upwards and then often narrow 
again more or less towards the apex. The tapering upwards is slight 
in some species but more considerable in others. In most species it 
is gradual but in other species it is abrupt. The diameters of the 
reproductive segments are usually the most distinctive. 

The shape and proportions of the segments, especially of the fertile 
segments, vary considerably among the species, but* are sufficiently 
constant to furnish valuable characters for diagnoses. The thickneas 
and structure of the wall, particularly of the reproductive segments, 
offers additional points of difference between species. The consistency 
of the plants, as observed in mass, varying from lubricous to fleecy, 
is worthy of attention, whether judged from observation of the living 
specimens or from the extent to which they adhere to paper in drying. 

In attempting to arrange the plants of our coast, it has been 
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necessary to rely largely upon dried specimens or those preserved in 
formalin. The resulting account which follows must, therefore be 
regarded as tentative, but as put forth to indicate possibilities to be 
tested through study of living material. The tendency of two or 
more species to grow intermingled has often caused confusion in the 
past, and may have passed unsuspected in our own examinations. 

As to reproductive processes, we have practically nothing new to 
offer from our own observations. Each species, however, should be 
studied in cultures to determine its correspondence with, or deviation 
from, the published statements for such species as have been investi- 
gated. The size and shape of the zoospores and of the gametes should 
be noted as well as the number of cilia present. This is especially 
necessary in the case of the gametes as will be noted below under 
Hormiscia tvtraciliata Frye and Zeller. 

In considering the specimens studied, as well as the species de- 
scribed, it seems possible to separate the genus Homiiscia into three 
fairly readily distinguishable sections, as follows : 

Section 1. Penicilliformes. Segments shorter, or at most, very 
little longer than broad, fertile cells only slightly swollen; holdfast 
consisting of extramatrical, generally divaricate rhizoids, or of intra- 
matrical rhizoids; chromatophore varying in the different species from 
nearly imperforate to coarsely reticulate. To this section we are 
inclined to refer the following described species: H, penicilliformis 
(Roth) Fries, II. incrassata (Kjellm.) Collins, II. cAAlabcns (Ag.) 
Rab., II. Ilcrtzii (Rosenv.) Collins, H. crassa (Kjellm.) Collins and 
II. tftracilmta Frye and Zeller, as well as Urospora hangioides (Harv.) 
Holmes and Batt., U. claviculata Kjellm. and U. acrogona Kjellm. 

Section 2. Orandiformvs. Segments elongated, especially the 
fertile segments, usually twice or more as long as broad in fertile 
condition and not swollen; holdfast of intramatrical rhizoids (at times 
free at the very base) and arising from a considerable number of the 
lower segments; chromatophores, so far as known, coarsely reticulate. 
To this section we are inclined to refer Hormiscia grandis (Kylin) 
S. and 6. and Urospora elongata (Rosenv.) Hagem. 

Section 3. Wormskioldii formes. Segments shorter or only slightly 
longer than thick, the fertile swollen to spherical or to more or less 
broadly or even ventricosely ellipsoidal; holdfast of intramatrical 
rhizoids arising from even as many as 25-30 of the lower segments 
and, at times, free at the very base ; chromatophore from finely per- 
forate to coarsely reticulate ; coarse plants with fertile segments from 
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0.5 mm. to 3 mm. in diameter. To this section we are inclined to refer 
H. Wormskioldii (Mert.) Fries, H, spha^riUifera S. and G., and H. 
vancouveriayia (Tilden) S. and G. 


Key to the Species 

1. Rhizoids extramatrical; zoosporangia not over 200/x in maxim nni diameter 2 

1. Rhizoids largely or entirely intramatrical; zoosporangia 200/i or over in maximum 

diameter 3 

2. Zoos{x>rangia not over lOO/i in maximum diameter 

1. H. penicilliformis (p. 191) 

2. Zoosporangia over lOO/x in maximum diameter 2. H. doliifera (p. 193) 

3. Zoosporangia Mow 300/i in maximum diameter 4 

3. Zoosporangia ^ove 500 /li in maximum diameter 5 


4. Zoosporangia oblong-cylindrical, up to 175/4, or even 200/4, diameter 

4. H. grandis (p. 195) 

4. Zoosporangia short, barrel-shaped, up to 225/4 diameter 

3. H. tetraciliata (p. 293) 

5. Chroma tophore solid or inconspicuously perforate 6 

5. Chrornatophore coarsely reticulate 6. H. Wormskioldii (p. 196) 

6. Zoosporangia nearly globular, up to 700/4 diameter 

5. H. sphaerulifera (p. 196) 

6. Zoosporangia globiflartoventricose-ellipsoidal, 1 mm. to 3 mm. maximum 
diameter 7. H. vancouveriana (p. 197) 

1. Hormiscia penicilliformis (Roth) Fries 

Plate 9, lig. 4 

Filaments dark green, attached by extramatrical rhizoids from a 
few of the lower segments, 3()--60/i np to 90/* diam., 0.3-2.5 times as 
long as the diameter; vegetative segments mostly cylindrical, fertile 
more or leas swollen to barrel-shaped; chrornatophore usually dense, 
a continuous parietal band, or at times somewhat fenestrate, pyrenoids 
relatively few and large. 

Growing on rocks and timbers exposed to the surf. Alaska (Port 
Clarence, etc.) to central California. 

Fries, Flora Scanica, 1835, p. 327 ; Collins, Green Alg. N. A., 1909, 
p. 368. Conferva pcnicUliformk Roth, Cat. Bot., Ill, 1806, p. 272. 
Vrospora penicilliformis Setchell and Gardner, Alg. N.W. Amer., 
1903, p. 220 (in part). Vrospora incrassata Setchell and Gardner, 
Alg. N.W. Amer., 1903, p. 221 and of Collins, Holden and Setchell, 
Phyc. Bor.-Amer. (Exsicc.), no. 1125 (not of Kjellman). Hormiscia 
incrassata Collins, Green Alg. N. A., 1909, p. 369 (excl. syn. of Kjell- 
man). 

The exact nature of the Conferva penicilliformis Roth is a subject 
of doubt, and no one has published any statement either as to the 
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existence of a type specimen or as to its nature. It seems best to retain 
the name for the present, however, and to assume its identity with 
Conferva isogona of the English Botany (1808, pi. 1930) whose type 
(cf. Batters, 1894, p. 116) is in existence and has been recently exam- 
ined. There are several conflicting statements concerning the details 
of structure of //. penicilliformis and it seems probable that more 
than one species may be included under the name. We are inclined 
at present to include under this name all the specimens from the 
western coast of North America accessible to us which are under lOO/i 
in the maximum diameter of the fertile segments. These specimens 
all have segments which are nearly isodiametric and with the fertile 
segments slightly swollen and barrel-shaped. Rosenvinge (1893, p. 
918, 1894, p. 30) and Jonsson (1903, p. 360) include forms with 
elongated segments, but it seems probable that such forms may be 
referred rather to members of the section Orandiformes. H. grandis 
(Kylin) S. and G. sometimes occurs intermixed with H. penicilliformis 
(cf. Kylin, 1907, p. 20). The base is attached by extramatrical and 
divaricate rhizoids which arise from a few of the basal segments. Con- 
cerning the latter statement it is proper to call attention to the conflict- 
ing statement and figure of Borgesen (1902, pp. 500, 501, f, 100) and 
Jonsson (1903, p. 360). These may possibly be explained as resulting 
from a confusion or admixture of species. The chromatophore in 
our specimens shows very slight perforation at any time, b(‘ing nearly 
imperforate. Kjellmati (1897, p. 12) was among the first to call atten- 
tion to the chromatophore as varying among the species. He states 
that the chromatophore of what he regards as true ^^Urospora pemdl- 
lifomus” differs from that of U. incrassata** and U. Wormskioldii^^ 
in having only small openings. The general status of the nature of 
the chromatophore of Jlormiscia penicilliformis has been discussed by 
Jdnsson (1903, p. 361) who passed in review the different ideas and 
states that “especially in the elongated cells, the chromatophore is dis- 
tinctly reticular, often with great meshes.’’ This brings the type of 
chromatophore in this species near to that of IL Wormskioldii, We 
feel that it is likely that there has been a confusion of species and 
have restricted our idea of the chromatophore to one at most per- 
forated with small angular openings. We have found none with large 
or elongated openings such as J6nsson mentions and such as Hagem 
(1908, p. 294, pi. 1, f. 2) describes and figures. 

The Pacific Coast specimens vary from about 45fi to 90fi in maxi- 
mum diameter of fertile segments but otherwise seem to agree and to be 
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referable to H, penicilliformis. Some of the specimens included here 
by us have been referred to Hormiscia incrassata (Kjellm.) Collins, 
but that is a somewhat larger species with a coarsel^'^ reticulate chro- 
matophore. Some of the specimens referred by us previously (1903) 
to Urospora penicillifomiis seem to us now to be placed more satis- 
factorily under Hormiscia grandis (Kylin) S. and G. 


2. Hormiscia doliifera S. and G. 

Filaments 3-4 cm. long, nearly cylindrical throughout when young, 
tapering only at the biise, attached by extramatrical rhizoids from a 
few of the lower segments ; color dark green ; fertile segments 80-130/*, 
up to 184/i diam., 0.75-1.25 times jis long, doliiform, with thin, 5-7/* 
thick, hyaline, homogeneous walls; chromatophorc a thin, fenestrate, 
parietal band, with numerous small pyrenoids. 

Growing on rocks in the upper littoral belt. San Francisco, Cali- 
fornia. 

Setcliell and Gardner, Phyc. Cont. I. 1920, p. 279. 

Hormiscia doliifera resembles most closely Urospora Hartzii Rosen- 
vinge (1893, p. 922) and V. incrassata Kjcllman (1897, p. 7). From 
each of these species it differs in having filaments of larger diameter, 
in having more uniformly swollen, sometimes almost spherical, fertile 
segments, and in having the segments more nearly uniform in length, 
averaging a little less than quadrate. From U. incrassata it differs 
also in its strictly extramatrical rhizoids. It approaches also the little? 
known V. crassa Rosenv., but its segments seem never so short as i*ep- 
resented for that species. It is much too slender for Hormiscia. col- 
Idbens (i.e., up to 450/*) as indicated by Batters (1894, p. 114). The 
filaments are decidedly larger than any dimensions given for H. peni- 
cilliformis (Roth) Fries and the chromatophorc is thinner, usually 
more coarsely reticulate, and with many more and much smaller 
pyrenoids. 


3. Hormiscia tetraciliata Frye and Zeller 

Filaments flaccid, slightly clavate, 25/* at the base, up to 220/* at 
the apex, 5-8 cm. long, attached by numerous intramatrical rhizoids, 
1-2 from each of the lower 8-15 segments, passing out of the lower 
disintegrating sheath, or segment wall ; segments 0.5-2 times as long 
as the diameter, cylindrical below, becoming decidedly barrel-shaped 
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above ; walls up to 15/i thick, homogeneous, hyaline ; chromatophore a 
thin, parietal, finely reticulate band, with numerous small pyrenoids. 

Growing on stones, shells, and other algae. San Juan County, 
Washington. 

Frye and Zeller, Hornmcia tetradliata, sp. nov., 1915, pp. 9-13, 
pi. 2. ** Hormiscia WormjskjoldiP^ Collins, Green Alg. N. A., Suppl. 
II, 1918, p. 86 (in part) ; Collins, Holden and Setchell, Phyc. Bor.- 
Amer. (Exsicc.), no. 2237. 

Hormiscia tetracilmta Frye and Zeller presents a number of inter- 
esting and puzzling characters as described and figured. It seems to 
be a species of the Penicilli formes section, in that the fertile cells are 
short and only slightly swollen. It differs from all others of the species 
of that section except H. coUahens (Harv.) Collins in the greater 
maximum diameter attained by the fertile cells. Frye and Zeller give 
this diameter as 220/i for II. tetracilmta while Batters (1894, p. 114) 
states that //. coUnhens reach(?s a maximum diameter of 450jit (veri- 
fied by an examination of the type specimen, Im. cit., p. 115). The 
Urospara banyiaides (Ilarv.) Holmes and Batters (cf. Batters, 1894, 
pp. 115, 116) seems too slender (up to 150/a, even perhaps to 180/a 
in maximum diameter), but the plant distributed under the name of 
Vrospora collahem by Collins (Phyc. Bor.-Amer. (Exsicc.), no. 970) 
shows sterile segments up to 220/a in diam(?t(‘r and agrees closely with 
the description of H. tetraciliata. We do not find any fertile segments, 
however, in the Collins specimen, and the maximum diameter of the 
fertile segments may be much greater. 

The plant distributed under no. 970 of the Phycotheca Boreali- 
Americana is supposed to be II. tetracilmta sinc(‘ it was collected under 
the supervision of Professor Frye and received his sanction. It seems 
to have its fertile segments rather more swollen and elongated than is 
indicated by the drawings of Frye and Zeller {loc. dt., pi. 2, f. 6 
and 17) or as provided for in the description. The distributed speci- 
mens seem rather to belong to the section Wormskioldiiformes. In 
this connection, it may also be mentioned that a later gathering, by 
Professor Frye, from the same locality has yielded no H. tetraciliata, 
but a mixture of what we refer below to as II. grandis and H. Worm- 
skioldii. 

The unusual character of Hornmcia tetraciliata is shown by the 
gametes. These, according to Fiy’-e and Zeller (toe. cit., pp. 10, 11) 
have four cilia each and, judging from their figure, fuse in pairs 
(loc. cit., f. 20) in an unusual way, i.e., not at the tips, but at the 
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posterior extremities. It seems possible that there may be some error 
of interpretation about this and Collins (1918, p. 86) suggests, with 
good reason, as it seems to us, that the supposed gametes may be 
microzoospores and that “figure 20, ‘gametes fusing,’ would seem 
rather to represent two imperfectly separated microzoospores.” The 
matter of microzoospores and gametes especially needs further inves- 
tigation in this as well as in other species of Horimsciu. 

The holdfast of 11, tctraciliata is, as represented by Frye and 
Zeller {loc. cit,, p. 9, pi. 2, f. 3), composed of intramatrical rhizoids 
arising from a considerable number of cells and simple or branched, 
descending within the outer wall, or sheath, of the filament, but 
emerging and spreading to some c'xtent at the very base and becom- 
ing trumpet-shaped. This combination of intra- and extramatrical 
rhizoids seems like a combination of the characters of the species of 
the Penicilllformes section and those of the W or wskioMii formes sec- 
tion. 


4. Hormiscia grandis (Kylin) S. and 6. 

Plate 9, fig. 3 

Filaments attached by intramatrical rhizoids from 8-14 s(*gments 
above the base, flaccid, 8-10 cm. long; segments cylindrical, con- 
stricted at the joints, 45-70/x thick at the base, usually 2 times as long 
as broad, 125-175/1, up to 200/i thick at the upper end, 1-3.5 times as 
long as broad, walls 12-18/1 thick, lamellate, fertile sc‘gments slightly 
swollen ; chromatophore a thin, parietal, reticulate band, with numer- 
ous small pyrenoids. 

Growing on rocks in the upper littoral l)elt. West shore of Amak- 
nak Island, Bay of lJnala.ska, Ala.ska, to Pug(*t Sound, Washington. 

Setchell and Gardner, m Gardner, New Pac. Coast Mar. Alg. IV, 
1919, p. 494. Uraspora penicilliformis Setchell and Gardner, Alg. 
N.W. Amer., 1903, p. 220 (in part). Urospora Wormskinldii Setchell 
and Gardner, Alg. N.W. Amer., 1903, p. 221 (in part). Urospora 
grandis Kylin, Studien ueber Algenflora, etc., 1907, p. 18, f. 3. 

In reexamining the specimens previously referred by us (1903, 
p. 220) to Urospora pe7iwUliformis and U. Womuskioldii, we found 
several which differed in having the fertile segments long and not 
swollen. They also have thick, lamellate walls. These characters 
agree so well with those given for Urospora grandis that we fe(*l 
reasonably safe in referring them to that species and transferring 
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it to the genus Hormiscia. . The type locality of the species is Chris- 
tineberg on the west coast of Sweden, where it occurs mixed with 
Hormiscia penicilMformis and Ulothrix flacca^ On the West Coast 
of North America it occurs mixed with the same species and also with 
Hormiscia WormskioldiL It is to be compared with Urospora elonffata 
(Rosenv.) Ilagem but is of much greater diameter and with thicker 
walls in the fertile segments. The chromatophore is very coarsely 
reticulate. 


5. Hormiscia sphaerulifera S. and 0. 

Plate 9, fig. 2 

. Filaments very lubricous, bright green, protoplast becoming dark 
when dry, 4-6 cm. long, up to 700/* diam., tapering abruptly at the 
base, of nearly uniform diameter above, attached by intramatrical 
rhizoids; segments 0.5-2 times as long as the diameter, cylindrical 
when young, becoming almost spherical at maturity; chromatophore 
a thin, unbroken band, pyrenoids small, numerous. 

Growing on boulders in the extreme lower littoral belt. West coast 
of Whidbey Island, Washington. 

Setchell and Gardner, in Gardner, New Pac. Coast Mar. Alg. IV, 
1919, p. 493, pi. 42, f. 2. Urospora Wormskioldii Setchell and Gard- 
ner, Alg. N.W. Amer., 1903, p. 221 (in part) ; Collins, Holden and 
Setchell, Phyc. Bor.-Amer. (Exsicc.), no. 915 (not Conferva Worm- 
skioldii Mert.), 

In a careful study of the west coast specimens previously referred 
to Hormiscia (or Urospora) Wormskioldii, considerable differences 
were found which have led to their segregation among three species. 
The present species is the most slender of the group, reaching a maxi- 
mum diameter, even in the fertile segments, of 700/*. The chromato- 
phore seems to consist of a thin, unbroken, annular band. The fertile 
segments are swollen into a spherical shape and the upper portions of 
the filament are in the form of a necklace. The filaments are very 
lubricous and adhere tightly to paper. 

6. Hormiscia Wormskioldii (Mert.) Fries 

Filaments attached by intramatrical rhizoids arising from 12 to 
15 of the basal segments, dark green, 10-20 cm. high, distinctly 
clavate ; segments cylindrical below or when young, 30-60/* in diam- 
eter, increasing above in fertile segments to 500/* or even to 1 mm. in 



1920] 


SetcheH-Ourdner : Chlorophyceae 


197 


maximum diameter; fertile segments swollen to spherico-ellipsoidal, 
long ellipsoidal, or even ventricose-ellipsoidal ; chromatophorc a 
coarsely reticulate, annular band. 

On rocks, etc., in the lower littoral belt. Friday Harbor, Washing- 
ton* (Frye), to Oualala, California (Brandt). 

Pries, Flora Scanica, 1835, p. 328 (^^WarniskjoUln). Conferva 
Wormskioldii Mertens, in Hornemann, Flora Danica, vol. 9, fase. 26, 
1816, p. 6, pi. 1547 (not II. Wonnskicldii Setchell and Gardner, Alg. 
N.W. Amer., 1903, p. 221, and not of Collins, Green Alg. N. A., 1909, 
p. 368 as to Pacific Coast references and localities). Uraspora Worm- 
skioldii Bosenvinge, Groenl. Havalg., 1893, p. 920, f. 36. 

It has been the practice to refer all the coarser species of Ilormiscia, 
especially those with much swollen fertile segments, to Iformiscia 
Wormskioldii. In examining the specimens fn>m the western coast 
of North America and comparing them with specimens from the type 
locality (Gothaab or Godthaab, on the south western coast of Green- 
land) collected in 1831 by Vahl, we find sufficient differences to make 
it seem best to distinguish three separate species. None of tlie speci- 
mens from the West Coast previously referred by us, or others, to 
llormiscia Wormskioldii seems to us, at present, to be referable to it. 
We have found specimens seemingly very elose to it, however, in two 
recent collections, as indicated above. 

llormiscia Wormskioldii is to be distinguished from the other two 
species we have referred to the section Wormskioldii formes by its 
coarsely reticulate chromatophorc and its intermediate size (up to 
1 mm. in maximum diameter of the fertile segments). The fertile 
segments are usually long ellipsoidal. 


7. Hormiscia vancouveriana (Tilden) S. and G. 

Filaments attached by intramatrical rhizoids arising from 14-20 
basal segments, soft, gelatinous, dark green, 10-15 cm. high, distinctly 
elavate; segments cylindrical when young, 75-130/* diam., quadrate, 
or up to 3 times as long as broad, soon becoming decidedly monili- 
form, the upper segments almost spherical, up to 3 mm. in diameter ; 
chromatophorc thin, very slightly if at all perforate. 

Growing on stones and shells, in the lower littoral belt. On a small 
island east of Oak Bay, Vancouver Island, British Columbia, July. 

Setchell and Gardner, in Gardner, New Pac. Coast Mar. Alg. IV, 
1919, p. 494. Urospora Wormskioldii Setchell and Gardner, Alg. N.W. 
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Amer., 1903, p. 221 (in part). ^^Hormiscia WormskjoldiV^ Collins, 
Green Alg. N. A., 1909, p. 368 (in part). **Urospora Wormskjoldii f. 
vancouveriana” Tilden, Amer. Alg. (Exsicc.), no. 381. 

The plants distributed in Tilden ^s American Algae under no. 381 
are by far the most robust of any of the genus Homiisda yet seen. 
In several characters they resemble H. Warmskioldii closely, but differ 
decidedly in diameter and in the character of the chromatophore. 
The maximum diameter of tlie fertile segment is 3 mm. or even more. 
The chromatophore seems to be a close, very little, if at all, perforate 
ring. From //. sphaerulifera, II. vancouveriana differs both in its 
gr(?ater thickness and in the proportionally longer fertile cells. 

Hormisci/i vancouveriana is known only from the type locality 
and, as far as we are aware, from a single collecting. It is to be 
hoped that it may be rediscovered and studied in the living condition. 


12. Chaetomorpha Kuctz. 

Filaments composed of a single unbranched series of multinucleate 
segments, all except, usually, a few long basal segments capable of 
division and reproduction, attached by more or less branched, shorter 
or longer rhizoids, often coalescing, always attached at first, later some- 
times loosening and continuing in a free state ; membrane of segments 
thick, firm, usually distinctly lamellate in age; chromatophore a 
parietal band, more or less perforate (or in age broken into small 
disks), with numerous pyrenoids; reproduction by 4-ciliated zoospores 
produced in little changed segments, and by 2-ciliated isogametes; 
thick-walled akinctes fonned from single segments; mostly marine 
species. 

Kuetzing, Phyc. Germ., 1845, p. 203. 

The genus Chaetomorpha was founded by Kuetzing in 1845 (May), 
as indicated above, with fifteen species referred to it, all of which still 
seem to be closely generically related. It preceded by only two months 
(cf. Harvey, 1858, p. 84) the publication of Hassall’s Aplonema (1845, 
p. 213, July). It seems to be generally recognized as a genus and 
to be retained in spite of the fact that it approaches Khizoclonium 
on the one side and Hormiscia on the other. From Rhizoclonium 
species in typical form it is readily to be distinguished by the lack 
of branches of any kind, rhizoidal or otherwise. Some species of 
Rhizoclonium^ however, lack all branches and consequently resemble 
closely the unattached and expanded species or forms of Chaetomorpha. 
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The only differences in such cases are the usually more regularly 
cylindrical segments of the species of Rhizoclonium and the fewer 
nuclei in each segment. Even these fail in some cases. From Ilor- 
miscia, Chaetoniorpha differs essentially in the characters of the zoo- 
spores as indicated under the description of that genus. 

The genus Chaetonwrpha is credited with about fifty species, but 
some of them will probably be found to be invalid. While we are able 
to enumerate six species as having been found within our territory, 
we feel certain that careful search will reveal additional species and 
varieties. 

Chaf tomorpha consists of attached, erect species and of" horizontal, 
entangled species unattached at maturity. It is possible that some, 
at least, of the latter are simply states of the former. Such a relation- 
ship is supposed to exist between Chaetomorpha aerea (Dillw.) Kuetz. 
and C. Liunrn (FI. Dan.) Kuetz. on the one liand, and C, mvUigonhim 
(Web. and Mohr) Kuetz. and the prostrate plant which has been 
known as C. Picquotiana Mont, on the other. This relationship, how- 
ever, has not been demonstrated by cultures but is inferred from 
resemblances existing between the supposedly related statt‘s or spi*eies. 

The attached species of Chmtm)wrpha possess an elongated basal 
segment which produces branched rhizoidal or even rhizonnslike 
processes of attachment from its lower end. These elongated btisal 
segments and organs of attachments distinguish these species of 
Chaetomorpha from those of both RhizoeJonium and llornnscia. 

The development of the prostrate species of Chaetomorpha has not 
been thoroughly worked out, but judging from what Okamura (1912, 
p. 163) has found in Chaetomorpha spiralis and from what we have 
observed in C. toria, the plants of these species are attached at first, 
but probably never assume* the erect and tufted habit of the other 
group, verj^ early a.ssuming a prostrate and flexuous or crisped habit, 
intertwining and becoming detached. It may be that they are states 
of other species, but it also may be that they are distinct species or, 
at least, varieties of the erect species they most naturally resemble. 
Until more is certain along this line, it seems best to keep them distinct 
and this policy will be followed by us. 

Key to the Species 


1. Filaments erect, solitary or tufted 2 

1. Filaments soon declined, becoming horizontal and entangled 5 

2. Filaments reaching a diameter of 300/i or more 4 

2. Filaments 300m or less in diameter 3 
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3. Filaments not over 40 m in diameter 1. C. ealifomica (p. 200) 

3. Filaments over 40m in diameter 2. C. aerea (p. 200) 

4. Basal cell short, not over 3 mm. long 3. C. melagoniam (p. 201) 

4. Basal cell longer, up to 9 mm. long 4. C. antennina (p. 203) 

5. Filaments 45~150m (or even 200m) in diameter 5. C. cannabina (p. 204) 

5. Filaments over 5 (X)m in maximum diameter 6: C. torta (p. 205) 


1. Ohaetomorpha calif omica Collins 

Filameiite attached by a small disk formed of short, stout, 
coalescent rhizoids, erect, straight or flexuous, of uniform diameter 
throughout, not contracted at the nodes, about 20 cm. long, 20-40/1 
diam. ; segments 1-2 times, rarely 3-4 times, as long as the diameter. 

Growing on sandstone in shallow pools along high-tide level. 
Observed at Laguna Beach and at La Jolla, southern California. 

Collins, in Collins, Holden and Setchell, Phyc. Bor.-Amer. 
(Exsicc.), 1900, no. 664; New species, etc., Rhodora, vol. 8, 1906, 
p. 106, Green Alg. N. A., 1909, p. 325. 

Collins (1909, p. 326) says of this species that it is ‘‘the most 
slender erect marine species known and that it is “not likely to be 
mistaken for any other.” lie has, however, recently described a still 
more slender species (C. minima) from Bermuda. In habit and 
habitat, C. calif omica resembles Chaciomorpha aerea as generally 
understood, but is much more slender than that species. The basal 
s(»gment is very suddenly narrowed at the base and is up to 200/i long. 
The base, itself, is provided with a number of thick, short, verj’^ slightly 
if at all branched, stout rhizoids whose outer walls coalesce to form a 
sort of disk. 


2. Ohaetomorpha aerea (Dillw.) Kuetz. 

Plate 14, figa. 9-11 

Filaments rigid, erect, dark green becoming yellowish with age, 
nearly cylindrical throughout except at the tapering base, attached 
by delicate rhizoids issuing from the lower end of the basal segment 
and later coalescent into a more or less solid disk, 125-300/Lt diam. ; 
segments at first cylindrical, later varying to almost spherical in the 
fertile segments, 0.5-2 times as long, basal segments much longer; 
membrane hyaline, thick, at times lamellate; chromatophore at first 
continuous, finely fenestrate. 

Growing in rock pools along high-tide limit or even above. Cou- 
nion on the coast of California from Monterey to San Diego. 
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Kuetzing, Sp. Alg., 1849, p. 379; Collins, Green Alg. N. A., 1909, 
p. 324; Collins, Holden and Setchell, Phyc. Bor.-Amer. (Bxsicc.), 
no. 76. Conferva aerea Dillwyn, Brit. Conf., 1809, pi. 80. 

We feel reasonably safe in referring certain specimens from the 
central and southern coasts of California to this widespread species 
after carefully comparing them with specimens from the European 
and New England coasts. Our plants favor shallow rock pools, more 
or leas lined with sand and situated high up in the littoral belt where 
the water is warmed by the sun. The specimens available for exam- 
ination are rather young and range from 200/4 to 300/4 above. The 
filaments are erect and tufted, and collapse on being taken from the 
water. The plants are grass green below but lighter and yellowish 
above, the color dying away at the tips. This species does not seem 
to form entangled masses above and we have found no specimens 
corresponding to the Chactomorplm Linum of the New England coasts 
and those of Europe, which is supposed to be a state or variety of 
C. aerea. We do not find plants over 300/4 in diameter in any of our 
specimens, whether in those from our own coasts or those from New 
England or Europe. This is less than the extreme measurements given 
by some writers (e.g., 600-700/4 for zoosporangia by De-Toni, 1889, 
p. 273) but agrees well with those given by Farlow (1881, p. 46) for 
the New England plant. The basal segment is short, never ranging, 
in .specimens examined, over 1.5 mm. in length. The upper segments 
in specimens approaching maturity are short, usually from 0.5 to 
once as long as broad, but the lower segments may be as much as twice 
longer than broad. The segments in fertile condition, or aj)proaching 
it, are slightly swollen and short barrel -shaped. 


3. Ohaetomorpha melagonium (Web. and Mohr) Kiietz. 

Filaments closely cespitose or, at times, scattered, attached by short, 
stout rhizoids coalescing with those of adjacent plants, erect, coarse, 
stiff, dark glaucous green, 2-6 dm. long, 300-700/4 diam. ; segments 
1-2 diameters long, basal segments slightly attenuated below, up to 
2.5-2.75 mm. long. 

Unalaska and Kadiak Island, Alaska. 

Kuetzing, Phyc. Germ., 1845, p. 204; Collins, Green Alg. N. A., 
1909, p. 323; Setchell and Gardner, Alg. N.W. Amer., 1903, p. 222. 
Conferva melagonium Web. and Mohr, Reise nach Schweden, 1804, 
p. 194, pi. 3, f. 2; Harvey, Phyc. Brit., 1846, vol. 1, pi. 99; Ruprecht, 
Tange, 1851, p. 396. 
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Comparatively little is known as to the occurrence of Chaetonwrpha 
melagonium on the Pacific coast of North America. Ruprecht (1851, 
p. 397) credits Canferva melagonium to Unalaska and Kadiak Island 
in tufts over two feet long. Kjellman (1889, p. 55) credits it in typical 
form to St. Lawrence Island and to Port Clarence. Setchell (1899, 
p. 590) refers some fragments from the Pribilof Islands to the typical 
form and Sounders (1901, p. 413) credits Yakutat Bay, Alaska, with 
the f. rupincola (Aresch.) Kjellm. Kjellman unites Chaetomorpha 
melagonium (Web. and Mohr) Kuetz. and C. Picquotiana Mont, under 
Chaetomorpha melagonium f. typica. The type of C. melagonium is 
evidently a tall, rigid, erect, and attached plant and, judging from the 
description, so is C. PicqiuAiana. Whether or not the coarse, hori- 
zontal, and entangled plant of New' England (cf. Parlow, 1881, p. 47) 
which has gone under the latter name is the true C. Picquotiana and 
whether or not it is also a state of C. melago^iium are questions which 
we cannot decide at present; nothing like it, however, has been defi- 
nitely recorded for our Alaskan waters. 

Collins, 1909 (p. 324) states that Chaetomorpha melagonium f. 
typica Kjellm. is the unattached plant forming crisped and entangled 
masses about the roots of Laminariae in the sublittoral belt. We do 
not find that Kjellman so describes it anywhere, but he does distinctly 
cite the reference of Web(T and Mohr, who describe and figure their 
Conferva melagonium as erect, attached, and tufted. The original 
description of Conferva Piequotiana Mont. (1849, p. 66) says “rigida, 
crecta” and below also “basi adnata,’^ so that it does not seem as if 
either Chaetomorpha melagonium or C. Picquotiana, whether the two 
may be distinct or identical, is unattached and horizontal in character- 
istic fonn. 

As to f. typica Kjellm. (1883, p. 312) and f. rupincola Aresch. 
(Alg. Scand. Exsicc., no. 275 a) the essential differences seem to be 
that the former lias longer segments and the latter shorter segments. 
The prostrate plant of the New England coast has longer segments 
and, if it is to be regarded as a state of C. meUigonium, ought, there- 
fore, to be placed under f. typica. 

Under Chaetomorpha melagonium may be mentioned the Conferva 
confcrvicola Ruprecht (1851, p. 397) reported as having been found 
epiphytic on, and attached basally to, Chaetomorpha melagonium at 
Sitka, Alaska. Harvey (1858, p. 88) states that he received a specimen 
of this plant from Ruprecht and suggests that it may be the young and 
attached state of Chaetomorpha tortuosa. It may possibly be the young 
attached state of w’hat w’e have called Chaetomorpha canndbina. 
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4. Chaetomorpha antennina (Bory) Kuetz. 

Filaments dark green, tufted, 4-9 cm. long, erect, rigid below, 
somewhat less so above, more or less clavate ; basal segments 5-9 mm. 
long, emitting long, slender, intertwined, branching rhizoids from its 
base; segments 450-900/i. in diameter, 1-4 time's as long as broad, 
fertile somewhat swollen, walls finally thickened (up to 25fi thick) 
and stratified. 

St. Augustin and Mazatlan, Mexico. 

Kuetziiig, Sp. Alg., 1849, p. 379; Collins, (Ireen Alg. N. A., 1909, 
p. 324, Suppl. II, 1918, p. 79; Howe, Mar. Alg. Teru, 1914, p. 37. 
Conferva antmnina Bory, Voy. quatre iles d Afr., vol. 2, 1804, p. 161, 
Voy. Coquille, 1828, p. 227; Montaigne, Voy. au Pol Sud, 1845, p. 4. 
Chactmnorpha pacific^ Kuetzing, Sp. Alg., 1849, p. 379. 

There are two coai*se, rigid species of Chactomorphu on the Pacific 
Coast of North America, viz., C. mvkigonium and C. antmnina. The 
first is Alaskan, inhabiting the cold waters of the Boreal zones, while 
the second is found in tropical waters on the coast of Mexico. C. nicUi^ 
ijomiim is a species reaching a length of several dm. while C. antennina 
is seldom over 1 dm. The basal segment in C. melagoniuni is short, 
not over 3 mm., while that of C. antennina is long, reaching a length 
of 5 to 9 mm. 

Howe {loc. cit.) has examined the type of Chavtomfrrpha antennina 
(Bory) Kuetz. and also the Mexican type of C. pacifica Kuvtz. He 
judges them to belong to the same species as docs also the Chaeto- 
morphopsk pacifica Lyon {in Tilden, Amer. Alg., C(*nt., 5, 1901, no. 
458). He has also examined the Mazatlan plants collected by Dr. and 
Mrs. Marchant and, although there are some differences in diameters 
and length of basal segments, expresses his opinion that they, also, are 
best placed under C. antennina. 

The type locality of Chaetomorpha antennina is Reunion or Bour- 
bon Island. The specimens upon which C. pacifica is based come from 
Java and from St. Augustin, Mexico. Lyon^s Chaeiomorphopsis 
pacifica came from the Hawaiian Islands. Chaeiomonpha antennina, 
then, in this interpretation is a widespread Indo-Pacific species, rang- 
ing from the tropical shores of Pacific North America to those of 
eastern Africa. The West Indian specimens formerly referred to 
C. antennina seem better referred to C. media (Ag.) Kuetz. (cf. Howe, 
1914, p. 37). 
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5. Ohaetomorpha cannabina (Aresch.) Kjellm. 

Filaments unattached, except possibly in the early stage, entangled, 
soft and rather delicate, color light green, 45-150/4 diam., narrow and 
wide together in the same mass, or even a single filament tapering 
from larger to smaller measurement; segments 3-8 diameters long, 
uniformly 500-600/4 long. 

Growing in tangled masses among other algae, and on wood 
between tides. From Alaska tu Puget Sound, Washington. 

Kjellman, Om Beringh. Algfl., 1889, p. 55; Collins, Green Alg. 
N. A., 1909, p. 325; Saunders, Alg. Ilarrimaii Exp., 1901, p. 413; 
Setchell and Gardner, Alg. N.W., Amer., 1903, p. 221 ; Collins, Holden 
and Setchell, Phyc. Bor.-Aincr. (Exsicc.), no. 916. Conferva canna- 
bhui Areschoug, Alg. Sc. Ex., ed. 1, no. 14, 1840, ed. 2, no. 135, Alg. 
minus rite cog.. Pug. II, 1843, p. 268, pi. 9, Phyc. Scand., 1850, p. 433. 

What passes for Chaetomorpha cannabina seems to be fairly fre- 
quent along our coast from Puget Sound northward to Bering Sea. 
The habit is that of entangled prostrate masses, free or int<»rtwined 
with other algae. No organs of attachment have been found in any 
of the specim(*ns. The filaments are long, crisped and often intricately 
entangled. The diameters of the segments range from 44/1 to 125/4 
in our sp(^eimens and a considerable range of variation is usually 
found in the same mass and even in the same filament. 

In attempting to determine the exact status of the Conferva can- 
'nabhia Areschoug, we are met at once with conflicting statements in 
the various descriptions of Areschoug. In 1843 Areschoug described 
the species as having filaments line in diameter which, assum- 

ing this to be the “ Paris line, means from 73/4 to 90/4. In 1850 
Areschoug, however, states that the more slender filaments are 0.10 
mm. and the thickest are 0.20 mm., thus indicating 100/4 to 200/4 for 
the diameter of the filaments. An examination of no. 135 of the 
second issue of the Algae Scandinavicae Exsiccatae shows filaments 
ranging from 85/4 to 145/4. 

Our w<‘st American specimens agree fairly well with the specimens 
distributed by Areschoug under no. 135 of the second issue of his 
Algae Scandinavicae Exsiccatae (the first issue is not accessible to us) 
and it seems best to retain his name for our species, at least for the 
present. It seems also, judging from the specimen in the Herbarium 
of the Imperial Academy at St. Petersburg, to be the plant described 
as Conferva tortuosa var. crassior by Buprecht (1851, p. 399) which 
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was collected at Sitka, Alaska. Harvey (1858, p. 87) referred 
Ruprecht’s plant to his Chaetomorpha litorea (cf. Harvey, 1849, p. 208 
and 1851, pi. 333, under Canferm). The Chcbetonwrpha litorea Harv. 
itself, judging from descriptions and figures, is closely related to 
C. canndbina if not identical with it. 

The Chaetomorpha confervicola (Rupr.) Dc-Toni (1889, p. 268) 
is a slender attached species growing on C, mekujoniiim at Sitka 
(cf. Ruprecht, 1851, p. 397). This is suggested as being the young 
attached state of Chaetomorpha tortuosa {Hhizoclonium tortiiosum 
of this account), but it seems fully tis probable that it may be the 
young and attached state of C. canmhim. 


6. Chaetomorpha torta (Farlow) ^McClatchie 

Filaments rigid, attached when young, soon becoming declined, 
loosened and entangl(*d among other algae, much coiled and contorted, 
40-60 cm. long, up to 1 mm. in diam., nearly uniform throughout with 
segments slightly moniliform, 1-1.5 times as long as broad; color 
iridescent bluish green. 

Growing in the sublittoral belt. Southern California. 

McClatchie, Seedless plants, 1897, p. 351 (noimui nudum) ; in 
Yendo, Notes on algae new to Japan IT, 1914, p. 264 (cxcl. syn. C. 
spiralis). Chaetomorpha clavata var. torta Farlow, in Farlow, Ander- 
son and Eaton, Alg. Exsicc. Amcr.-13or., fasc. 5, 1889, no. 211 (nomcn 
nudum); Collins, Holden and Setchell, Phyc. Bor.-Amer. (Exsicc.), 
fasc. XII, 1899, no. 571 (nomen nudum) ; Farlow, in Collins, Green 
Alg. N. A., 1909, p. 323 (descr.). Chartrmiorpha clavata Collins, 
Holden and Setchell, Phyc. Bor.-Amer. (Exsicc.), no. 371 (not of 
Kuetzing). 

Chaetomorpha torta is confined, so far as our knowledge goes, to 
the coast of southern California. It is so different from any of our 
other species as to be readily recognizable by its scattered or massed, 
long, coarse, contorted and even spirally coiled, rigid filaments of a 
peculiar light bluish green color. In searching for any trace of an 
attachment, our persistence was rewarded by the discovery of one 
among all the material examined and that, curiously enough, was 
found on no. 211, of Farlow, Anderson and Eaton’s Algae Americae 
Borealis Exsiccatae. The rhizoids are slender, blunt, somewhat 
branched, and evidently were attached to a rock surface. The basal 
segment is slightly attenuated below and about 2 mm. long. The 
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filament was bent over and declined just above the basal segment. 
The method of attachment and later growth of Chaetomorpha iorta 
and C. spiralis Okam. seem to indicate the possibility of the prostrate 
species of Chaetomorpha being not later stages in growth of the erect 
species, but distinct species, declined almost from the first and resem- 
bling the species of Rhizoclonium in this respect as has been suggested 
above. 

The status of the name is somewhat complicated. It was first 
published by Farlow in the form Chaetomorpha clavata var. torta 
Farlow,” in connection with a distribut(‘d specimen and printed label 
but without description. The description was appended first by 
Collins in 1909. The combination ^^Chaetomorpha torta Farlow” was 
first used in 1S97 by McClatchie, but without description or citation. 
Yendo (1914, p. 264) used the combination Chaetomorpha torta 
McClatchie,” citing the various references to the California plant and 
assigning also as a synonym, the Chaetomorpha s^piralis Okamura 
(1912, p. 95). Collins (1918, p. 78) has finally reviewed the situa- 
tion and argued for the etiquette ^^Chaetomorpha torta (Farlow) 
Yendo.” It seems to us, while agreeing in general with the prin- 
ciples enunciated by Collins in his later paper, better to write **Chafto- 
morpha torta (Farlow) McClatchie” in Yendo, Notes on algae new 
to Japan, etc. Otherwise, and following out literally the conten- 
tion of Collins, it should be written Chaetomorpha torta (Collins) 
Yendo,” since Collins was the first to make the varietal name valid. 
It must Ik' borne in mind, howevcT, that the situation is further com- 
plicated by the fact that the varietal name had not been validated 
when McClatchie published his combination. 

Chaetomorpha torta has been as.sociated with C. clavata (Ag.) 
Kuetz. and with C. spiralis Okam. The former is a plant described 
from the West Indies and has erect, straight filaments, tapering from 
below upward. C. spiralis, on the other hand, although attached at 
first, is soon declined, flexuous, and spirally twisted, with segments 
much narrowed towards the base, short, and much swollen above and 
reaching a maximum diameter of 2.5 mm. In all these characters, 
C. spiralis differs from C, torta and should be kept distinct. From 
Chaetomorpha moniligcra Kjellman (1897, p. 24, pi. 4, f. 17-23), 
an erect and delicate, though broad, species, both C, spiralis and C. 
torta seem amply distinct. 
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13. Cladophora Knetz. 

Plants composed of filaments of a single series of segments, the 
filaments branching, usually abundantly ; branching lateral, but often 
coming to appear dichotomous in consequence of the pushing aside of 
the original filament by the branch ; growth in length chiefly by divi- 
sion of the apical segment, subsequent division of segments being 
rather exceptional ; brandies all of the same type but different orders 
usually differing in diameter; segments multinucleate, the chromato- 
phore either covering the segment wall, or forming a network on it, 
or in the form of numerous small disks; pyrenoids several in a seg- 
ment; reproduction by 4-ciliated zoospores, and by 2-ciliated gametes, 
uniting and germinating immediately', or sometimes germinating 
without copulation. 

Kuetzing, Phyc. Gen., 1843, p. 262. 

The genus CUulophora was established by Kuetzing in 1843, the 
same year that llassall (1843, p. 363, May) proposed the genus 
Microspora to include the branching species of the old genus Conferva, 
It is possible that Microspora llassall antidates ChdopKora Kuetzing, 
but llassall (1845, p. 213) withdrew his genus and adopted that of 
Kuetzing. The name Microspora was later used by Thuret (1850, 
p. 221) to designate a later segregation from Conferva and this name 
is still current in the sense indicated by Thuret. 

The type species of Kuetzing ’s genus is the Conferva oligoclona 
Kuetzing (1833, no. 62), a fresh-water species and there is little (jues- 
tion as to the limits of the genus, except possibly towards some of its 
segregates. It is distinctly and readily separated from Chaetoniorpha 
by its branching and from RhizocUmmni by the method of its branch- 
ing. The difficulties of separating t^pongomorpha Kuetz., AegagropUa 
Kuetz. and Acrosiphonia J. Ag., if it seems best to do so, are at times 
considerable. The species of all these genera are of more spongy 
habit than are those of the true or typical Cladophora. In Spongo- 
morpha and Acrosiphonia the spongy condition is brought about by 
specialized rhizoidal or spinclike branches which hold the mass of 
branches together. In AegagropUa, there are no such specialized 
branches and it has seemed best to us not to separate the species of 
AegagropUa from those of Cladophora. The distinction between the 
two genera depends largely upon habit and is not always applicable 
with certainty and precision. 
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The determination of species of Cladophora presents unusual 
difficulties. The synonymy, especially of older specific names, is very 
much unsettled and intertangled. The identity between species of 
different coasts and oceans is very uncertain, and the recognition of 
species in their various ages and under varying conditions seemingly 
most difficult. We have adapted our account very largely from Col- 
lins (1909) and have accepted his determinations and limitations of 
species, since we ourselves have very little opportunity for the study 
of this genus and possess few facilities for the proper comparison of 
our west coast plants with authentically determined specimens from 
other coasts. It is desirable that collectors pay careful attention to 
these plants, to their seasonal conditions, their fertile states, their 
earlier stages of growth as well as adult, and attempt to make better 
known the entire life-history of our various species and forms. 


Key to the Species 

1. Low, pulvinate or matted, creeping at the base 2 

I. Erect, tufted or loosely spreading 4 

2. Branching irregular, not at all dichotomous 1. C. amphibia (p. 200) 

2. Branching dichotomous or trichotomous, except al)ove 3 

3. Main filaments 60-^150/* in diameter 2. C. hemisphaariea (p. 209) 

3. Main filaments 120-250 m in diameter 3. C. triehotoma (p. 210) 

4. Main filaments usually over 1*50/* in diameter 5 

4. Main filaments usually under 150 m in diameter 9 

5. Lower m^gments 10 or more diameters long 4. C. graminea (p. 21 1) 

5. Lower segments less than 10 diameters long 6 

6. Hamuli curved 5. C. microcladioides (p. 212) 

6. Hamuli straight 7 

7. Hamuli only slightly less stout than branches 6. C. Hutchinsiae (p. 213) 

7. Hamuli very much less stout than branches 8 

8. Main filaments U2-200/i in diameter 7. C. ovoidea (p. 214) 

8. Main filaments 135--300 m in diameter 8. C. MacDougalii (p. 214) 

9. Main filaments distinctly zig-zag or flexuous 10 

9. Main filaments straight or nearly so 13 

10. Hamuli clustered at the tu^s 9. C. laetavirens (p. 216) 

10. Hamuli not clustered at the tips 11 

II. Main filaments coarse, up to 150 (or 160) m 10. C. gracilis (p. 216) 

11. Main filaments slender, not over 80 m 12 

12. Si'gments long Mow (up to 6 diam.), shorter (as low as 2 diam.) al>ove 

11. C. flexaosa (p. 217) 

12. Segments long throughout 12. C. Rado^hiana (p. 217) 

13. Hamuli curved 13. C. Bertolonii var. hamosa (p. 218) 

13. Hamuli straight 14 

14. Main filaments not over 30 m in diameter 14. C. albida (p. 218) 

14. Main filaments considerably over 30 m in diameter 15 

15. Hamuli acute 15. C. glaaeescens (p. 219) 

15. Hamuli blunt 16 

16. Branching dichotomous below the tips 16. C. Stimpsonii (p. 219) 

16. Branching nowhere dichotomous 17. C. daUeatola (p. 220) 
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1. Cladophora amphibia Collins 

Basal layer of densely branching, prostrate filaments, segments 
cylindrical, 40-70/x diam. and 2-5 diam. long, or fusiform, 1-2 diam. 
long, swollen to 100ft in the middle, emitting erect filaments with 
segments 30-50/i diam., 4-8 diam. long, cylindrical or irregular, term- 
inal segments obtuse or truncate; slender descending rhizoids some- 
times issuing from lower segments of erect filaments. 

Growing on the ground among Salicornia and other salt marsh 
plants along high-tide line. Known only from a single locality, viz., 
Alameda, along the shores of San Francisco Bay, (California. 

Collins, /a Collins, Holden and Setchell, Phyc. Bor.-Amer. 
(Exsicc.), no. 1284 (nomen nudum), and in Rhodora, vol. 9, 3907, 
p. 200 (description), Green Alg. N. A., 1909, p. 349. 

Collins has correctly described this species as a ‘‘dull green 
unattractive plant.” It is not readily rnistak(‘n for any other, both 
as regards its habitat and its habit. It is low and forms extended 
patches along the salt marsh covering of Salieornm, its discovery 
in similar localities along the cotist is to be expected. The species 
would ordinarily be grouped with those of the Avgagropila section ; 
it is matted together below by the intertwining of the prostrate fila- 
ments and by the descending slender almost rhizoidal branchlets. 
The branching is irregularly alternate and not at all dichotomous. 
The turflike layer is not over a centimeter in thickiu^ss. 

2. Cladophora hemisphaerica Gardner 

Plants at first compact, hemispherical, of not over 1 cm. radius, 
profusely branching at the base, dichotomous, forkings narrow, seg- 
ments 6()-150/x diam., 3-6 diam. long, often distinctly clavatt^; later 
less regularly hemispherical, up to 3 cm. or more radius, branches 
more distant, with segments in the upper part 50-80/1 diam., cylin- 
drical ; numerous slender tufts, up to 1 dm. long, on nearing maturity 
arise from the hemispherical mass, having cylindrical segments 50 80/* 
diam., with forkings very distant and narrow; substance firm, not 
adhering well to paper. 

Growing in small, shallow pools on rocks in the upper littoral belt. 
Cypress Point, Monterey County, California. 

Gardner, in Collins, Holden and Setchell, Phyc. Bor.-Amer. 
(Exsicc.), no. 2240 (nomen nudum), in Collins, Green Alg. Suppl. II, 
1918, p. 83 (descr.). 
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Cladophora hemisphacrica is another species of the Aegagropila 
section, found thus far in a single locality, but growing on rocks where 
the small indentations retain water at the upper limits of the littoral 
belt. The filaments are bound together at the base by descending 
rooting branchlets but are entangled above. Tufts growing in deeper 
pools sometimes give rise to more slender and looser erect tufts more 
like individual plants of the Eucladophora section. 

Cladophora hemisphaericxi resembles somewhat C. trichotoma, as 
found on our coasts, but is more distinctly tufted, of different aspect 
and with more slender filaments. It is attached very firmly to the 
wave-swept rocks. 


8. Cladophora trichotoma (Ag.) Kiietz. 

Plate 10, fig. 2 

Plants forming light or bright green, densely pulvinate masses, 
2-5 cm. high in shallow pools, and up to 2.5 dm. in deep, (piiet pools; 
filaments procumbent at the base, stiff, di-trichotomous, with rather 
few, short, alternate, rarely opposite branches, fastigiate at the tips; 
segments 120-250/jt diam., 4-10 diam. long, nearly cylindrical below, 
above ovoid to pyriform; the branches about the same diameter as 
the filament. 

Growing in rock pools near high water mark. Vancouver Island, 
British Columbia, to La Paz, Lower California. 

Kuetzing, Sp. Alg., 1849, p. 414; Collins, Green Alg. N. A., 1909, 
p. 349; Howe, Phyc. Studies V, 1911, p, 492; Collins, Holden and 
Setch(*ll, Phyc. Bor.-Amer. (Exsicc.), no. 820. Conferva trichotonia 
Agardh, Syst., 1824, p. 121. Cladophora repens Collins, Holden and 
Setchell, Phyc. Bor.-Amer. (Exsicc.), no. 727 (not of Harvey). 
Cladophora Columbia na Collins, in Setchell and Gardner, Alg. N.W. 
Amer., 1903, p. 226. Cladophora coniposita Setchell and Gardner, 
Alg. N.W. Amer., 1903, p. 226, as to ‘‘N. L. G. no. 521.^^ Cladophora 
cartilaginca Tilden, Amer. Alg, (Exsicc.), no. 376. 

Cladophora trichotoma is the most common of all our species of 
Cladophora and is usually abundant on all rocky shores from Van- 
couver Island to La Paz in Lower California. It grows high up on 
the bare rocks or in small pools where its compact bright green 
cushions or expanded tufts form conspicuous objects. Our plant has 
been compared with a fragment of the type specimens and agrees so 
closidy as to be referred here with considerable confidence. Its exten- 
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give distribution is to be explained, in all probability, by its occurrence 
so high up in the littoral belt that it is enabled to receive much heat 
from the sun and the air, while its dense tufts allow it to remain 
exposed at low tide without drying. 


Cladophora trichotoma f. elongata Collins 

A luxuriant form, sometimes up to 3 dm. high; fronds sparingly 
branched except near the surface of the water, where it forms char- 
acteristic dense tufts. 

Growing on the margins of deep rock p(H)ls little affected by tides. 
Point Carmel, “Point Lohos,’’ Monterey County, California. 

Collins, in Collins, Holden and Setchell, Phyc. Por.-Amer. 
(Exsicc.), no. 2141, Green Alg. Suppl. IT., 1918, p. 81. 

The typical form of Cladophora trichotonui is truly a nunnlxu* of 
the Aefjafjropila section of the genus Cladophora and occurs in dense 
cushions or tufts, low and spreading by prostrate hranchi's which 
descend, attach themselves, and send off erect branches in turn. When 
growing in deep rock pools, and, therefon' constantly immersed, the 
low cushions give off erect and luxuriant tufts of filaments, loosely 
entangled and sparing branched, until they r(*ach the surface. These 
erect tufts simulate the plants of the KucUidophora section, and may 
pass for them unless care is taken to study the base*. Wc* fe(‘l fairly 
certain in referring here no. 127, Butler and Policy, collected at Port 
Renfrew, British Columbia and listed in Setehcil and GardtuT, Algae 
of Northwestern America (1903, p. 228) as Cladophora Flutchinaiae 
var. distant. 


4. Gladophoira graminea Collins 

Plants loosely tufted, 10-15, cm. high, dark green, cartilagi neons, 
very rigid, distantly di-trichotomoiLS, all divisions erect; main fila- 
ments about 300/a diam., ultimate divisions about 150/a diam., tips 
blunt or slightly acute; segments very long below, up to 30 diam., 
shorter above, normally occupying the space from one forking to 
another; ultimate branches 4-6 diam. long; segment walls usually 
strongly lamellate. 

Growing in rock pools usually in shaded habitats, in the upper 
littoral belt. Known along the California coast from Monterey to 
San Diego. 
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Collins, in Rhodora, vol. 11, 1909a, p. 19, pi. 78, f. 6 . Cladophora 
erecta Collins, in Collins, Holden and Setchell, Phyc. Bor.-Araer. 
(Exsicc.), no. 1690. 

Cladophora yraminoa is one of the coarsest of our west coast 
species of erect Cladophoras, superficially resembling a species of 
Spongonwrpha in this and in its habit. It has been usually confused 
with C. cartilayinm which, properly, is a Spongomorpha, In its regu- 
lar or unequal, dichotomous branching, where each arm is composed 
of a siiigh* scigment, in its coarseness, as well as in the proportional 
length of the segments, it is to be distinguished from all our other 
sp(x*ies. 


5. Gladophora microcladioides C'ollins 

Plate 13, fig. 2 

Plants more or loss densely tufted, 10-20 cm. high ; filaments al)out 
200/Lt diam. at the base, segments 4-6 diam. long; stiff, straight or 
flexuous, distantly di-trichotomous, branches similar, erect or more 
or less recurved, bearing on the upper (inner) side numerous short 
branches, rarely with very short branches opposite one or more of 
them ; this ramification continued, the ultimate ramuli of very few 
segments, 80-100/a diam., segments 1.5-2.5 diam. long. 

Growing in the uppe^r sublittoral belt. From Vancouver Island, 
British Columbia, to San Diego, California. 

Collins, in Rhodora, vol. 11, 1909a, p. 17, pi. 78, f. 2, 3, Mar. Alg. 
Vancouver Island, 1913, p. 104. 

Cladophora microcladioides f. stricta Collins 

Similar to the species but differing in habit ; branches of various 
orders virgate and little recurved. 

Lower littoral belt. San Diego, California. 

Collins, in Collins, Holden and Setchell, Phyc. Bor.-Amer. 
(Exsicc.), no. 1583. 

In its typical form Cladophora mkrocladioides is one of our most 
readily rt»cognized species of the Eucladophora section or erect Clado- 
phoras. The regular recurved branches give the plant much of the 
habit of Mkroclodm borealis Ruprecht. There is much variation in 
height, flexuosity of principal axes, frequency of recurved pinnules, 
etc., but the pinnules are distinctive and usually readily recognizable. 
In the forma stricta, however, the pinnules are not recurved, but there 
is more or less of an indication of the close afiSnity with the species. 
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6. Cladophora Hutchinsiae (Dillw.) Kuetz. 

Plants glaucous green, up to 40 cm. high; filaments 120-300/4 
diam., stiff, flexuous, sparingly branched; ramiili few, secund, blunt, 
with constricted nodes ; cells 2-3 diam. long. 

Vancouver Island, British Columbia. 

Kuetzing, Phyc. Germ., 1845, p. 210; Collins, Green Alg. N. A., 
1909, p. 345. Conferva Ilutchinsme Dillwyn, Brit. Conf., 1809, 
pi. 109. 


Cladophora Hutchinsiae var. distans (Ag.) Kuetz. 

Segments of primary branches longer than in the type, 280-400/4 
diam., with few secondary branches whose segments arc 200-250/1 
diam., 3-4 times as long as the diametT. 

West coast of Vancouver Island, British Columbia. 

Kuetzing, Sp. Alg., 1849, p. 392; Colliii}^ loc, cit»; Setchell and 
Gardner, Alg. N.W. Amer., 1903, p. 228. Conferva distans Agardh, 
Syst., 1824, p. 120. 

Cladophora Hutch insiav is one of the coarscT speci(*s of the 
Eucladaphora section, whose branchlets are only slightly reduced in 
diameter from the branches from which they spring. W(* have seen 
no specimens from our coast and Collins (1909, p. 345) gives only 
“Vancouver Island,” stating {lac. cit., p. 346) that it is likely to be 
found “on the west coast south of Vancouver.” In his Marine Algae 
of Vancouver Island, however, (-ollins (1913, p. 104) lists only the 
var. dwtans as occurring at Port Renfrew, where it was collected by 
Butler and Polle3^ No. 127 of their collection, as distributed, which 
is the plant in (question, seems clearly to be CUuIophora trichotonui f. 
eloagata Collins. In his Marine Cladoplwras of New Plngland, Collins 
says (1902, p. 126) that the type of C. Iliitchinsiae has never been 
certainly known from New England, the one (juoted by Farlow in 
the Marine Algae of New England proving to be wrongly marked 
and to belong to California. The status of the species on the West 
Coast, therefore, is not exactly established. 

Cladophora Hutchinsiae is to be distinguished from both C. ovoidea 
and C. MacDougolii by the stout branchlets, the ultimate ramuli being, 
for the most part, of only one or two segments. 

There is doubt, at least, as to the reference of var. distans to our 
coast, the Butler and Policy specimen (no. 127) seeming to be cri‘on- 
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eously determined, an stated above. We are, however, inclined to 
refer here a specimen collected by one of us (Gardner, no. 4104) at 
Lands End, San Francisco, California. The specimens seem to agree 
well with Harvey’s figure of Cladophora diffusa (1849, pi. 130) and 
fairly well with the figure of Dillwyn’s Conferva diffusa (1803, pi. 21), 
and possibly also with the plate of Roth (1800, pi. 7). The San Fran- 
cisco plant is more slender than the type of the species, with less pro- 
fusion of branches and branchlets, and, in this, agrees with Han’^ey’s 
C. diffusa. The synonymy, however, is too confused to be unraveled, 
at least at present. 


7. Cladophora ovoidea Kuetz. 

Plants 5-15 cm. high, stiff, rather dull green; filaments distantly 
dichotomous, 150-200^ diain. below, branches becoming more lateral 
and secund above ; upper ramuli not over 60/i diam., tips rounded or 
slightly pointed; segments in lower part cylindrical, 4-8 diam. long; 
above ovoid, 1.5-3 diam. long. 

Known only from Carmel Bay and Santa Cruz in California. 

Kuetzing, Phyc. Gen., 1843, p. 266, Tab. Phyc. Ill, 1853, pi. 92, 
f. 1; Collins, Green Alg. N. A., 1909, p. 346. 

We have seen only specimens identified by Collins and have l)(‘en 
unable to compare them with European plants of Cladophora ovoidea. 
Our sp(*cimens are coarse, of the same general appearance as those? of 
C, Jlutchinsiae, The branchlets, however, are much more slender 
than the branches fnna which they spring and are, for the most part, 
composed of four to six segments. The upper segments are more or 
less ovoid. Our plants resemble reasonably closely the figures of 
Kuetzing (1853, pi. 92, f. 1). 


8. Cladophora MacDougalii Howe 

Plants rather stout, coarse and rigid, in strict tufts, dark or 
yellowish green, 10-17 cm. high; main filaments 135-310/* diam., 
sparingly dichotomous below the middle of the tufts; branching in 
median and upper parts lateral, the branches erecto-patent, secund, 
occasionally alternate, or very rarely opposite, becoming more or less 
seeund-pectinate toward the apices, the main axes commonly excurrent 
beyond the last lateral branch as rather rigid tapering prolongations 
10-40 segments long; the ultimate lateral branchlets 75-110/* diam., 
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about one half the diameter of the filaments from which they spring, 
usually 3-7 segments long, in most cases gradually" tapering from 
near the base, subacute or blunt, commonly rather rigid ; segments in 
extreme basal parts 6-15 times as long as broad, in median and upper 
parts 1-4 (mostly 1.5-2.5) times as long as broad, usually a little 
constricted at the septa and appearing (piite strongly constricted 
when dry. 

San Felipe Bay, Lower California. 

Howe, Phyc. Studies V, 1911, p. 491, pi. 33, f. 7. 

Collins (Green Alg. Suppl. I, 1912, p. 96) appends the following 
note to C. ovoidea, “This species,” referring to C, MacDoiujaUi, “is 
compared by its author with C. Hutchimuic (l)illw.) Kiitz., and C, 
Ovt/idea Kiitz., but is considered distinct from both. A specimen 
kindly furnished by tlu^ author shows that it is amply distinct from 
the C. llv'chinsiae of England and France, N. eT. and Barbados. It is, 
however, quite close to th(» California plant given as C. ovoidvd by the 
writer, 1909, p. 346, and would have been placed there without (pies- 
tion. It may W(‘ll be that it is distinct from the ovaidm of Europe, 
which appears to be a little known species. The California plant is 
larger in all dimensions, less moniliform, and with long excurrent ax(*s. 
A comparison of specimens from various stations shows much varia- 
tion in the two last ])articulars, but all are much stouter than C. 
ovaidm as originally described. It often varies in the direction of 
C. microcUidioidrs Collins, with denser and more fasciculate branch- 
ing.” 

Howe says (1911, p. 492) : “We have seen no European specimens 
of C. ovoidra, but are unwilling at the? present time to identify with 
this species a Lower California plant with filaments and branches 
averaging twice as thick as those of the plant described and figured 
by Kiitzing, and with filaments so little constricted at the septa (in 
a soaked out condition, at least) that no one would think of d(‘scribing 
any of the cells as 'ovoid' (Kiitzing, Phyc. Gen., 266). Also, accord- 
ing to Kiitzing's figure (Tab. Phyc., 3:26, pi. 92, f. 1, 1853), the 
branching in C. ovoidea is more fasciculate than in C. MdcDoiigulii, 
the illtimate lateral branchlets are less tapering and less rigid, and 
the main axes do not show the loiig-excurrent prolongations of the 
Baja California species.” 

It seems best to us to retain C. MacDougalii as a distinct species. 
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9. Cladophora laetevirens (Dillw.) Kuetz. 

Plants 15-20 cm. high, erect, rigid, bright yellow green ; filaments 
much branched, flexuous, 50-150/ut diam. ; branches erect, often oppo- 
site; ultimate ramuli short (usually 1-3 segments), obtuse or subacute, 
densely fastigiate at the tips of the branches; segments of main 
branches 6 diameters long, of ramuli 3 diameters. 

Kuetzing, Phye. Gen., 1843, p. 263; Harvey, Phyc. Brit., vol. 2, 
1849, pi. 190 ; Notice of a collection of algae, etc., 1862, p. 177 ; Setchell 
and Gardner, Alg. N.W. Amer., 1903, p. 224; Collins, Green Alg. 
N. A., 1909, p. 345. Conferva laetevirens, Dillwyn, Brit. Conf., 1805, 
pi. 48. 

The only reason for including this species beyond the record of 
Harvey (1862a, p. 177) for Fuca Strait, apparently based on two small 
and young specimens, is the collection of what secern to be characteristic 
specimens by Butler and Policy near Port Renfrew, B. C. These 
have beem carefully compared with no. 143 of Wyatt’s Algae Dan- 
monienses both by F. S. Collins and by ourselves and they seem to be 
in close agre(*ment with it. 

10. Cladophora gracilis (QrifP.) Kuetz. 

Plants moderately rigid, forming somewhat slend(‘r, pyramidal 
fascicles, 15-30 cm. high, pale or glaucous green, di- trichotomous at 
the base; main filaments up to 160fi diam., segments 4-7 times as long 
as the diameter; main branches smaller and beset with numerous 
slender, tapering, secund ramuli constricted at the joints. 

Growing on rocks in shallow tide pools, in the upper and middle 
littoral belts. Sitka, Alaska, and Neah Bay, near Cape Flattery, 
Washington. 

Kuetzing, Pliyc. Germ., 1845, p. 215; Collins, Green Alg. N. A., 
1909, p. 342. Cladophora vadorum Kuetzing, Sp. Alg., 1849, p. 402, 
Tab. Phyc., vol. 4, 1854, p. 4, pi. 20, f. I. Conferva gracilis Griffiths, 
in Wyatt, Alg. Danm., no. 97. 

The limits of Cladophora gracilis have not been clearly defined. 
Either it is an exceedingly variable species, or several closely related 
species have been grouped into one by different authors. Kuetzing 
(1845, p. 215) gives 113-124/1, De-Toni (1889, p. 322) gives lOO-140/i, 
and Collins (1909, p. 342) gives up to 160/i as the diameter of the 
main filaments of this species. Collins (loc. cit., p. 343) has recognized 



^^20] Setchell-Gardner : Chlorophyceae 217 

five forms of this species as abounding on the Atlantic coast of North 
America. 

We are placing under C. gracilis two sets of plants differing con- 
siderably from one another, mainly in details of measurements, as 
apparently closely allied to the Atlantic coast forms, but they do not 
seem to be identical with any of them. No. 3954 Gardiner, from Sitka, 
Alaska, has the main filaments up to lOO/i in diameter. No. 387()a 
Gardner, from Neah Bay, Wiishington, has slightly smaller dimensions 
than no. 3954. The ultimate ramuli in both of the above mentioned 
collections, while being more or less seeund, are not so much so as is 
usually recorded for the species. No. 3870fl is fruiting abundantly 
at the tips of the ramuli, the segments becoming decidedly ventrieose 
or even spherical in reproduction. These two collections arc placed 
here provisionally awaiting further investigation into the status of 
the species. 


11. Cladophora flexuosa (Griff.) llarv. 

Plants 10-20 cm. high, light green ; main filaments 80 - 120/11 diam., 
regularly flexuous, with flexuous alternate branches, 40-80/x diam., 
which in turn have alternate or seeund, curved and sometim(‘s 
refracted ramuli ; segments from 6 diam. long below to 2 in the ramuli. 

Growing in rock pools in the lower littoral belt. Annettee Island, 
Alaska, to San Diego, California. 

Harvey, Phyc. Brit., 1851, p. 353; Collins, Green Alg. N. A., 1909, 
p. 339; Setchell and Gardner, Alg. N.W. Amcr., 1903, p. 224; Col- 
lins, Holden and Setchell, Phyc. Bor.-Amer. (Exsiec.), no. 2239. 
Conferva flexuosa Griffiths, in Wyatt, Alg. Danm., no. 227. 

The status of the name Cladophora flexuosa is e(juiv(M!al. The 
plant usually referred here does not seem to be at all certaiidy the 
Conferva flexuosa Dill^vyii pi. 10) nor that of Mueller in the 

Flora Danica (1782, p. 5, pi. 882), but more probably that of Mrs. 
Griffiths {in Wyatt X Alg. Damn., no. 227), later adopted by Harvey 
(1851, pi. 353) and referred to Cladophora. Our west coast plants 
have been referred here chiefly on the authority of Collins. 

12. Cladophora Budolphiana (Ag.) Kuetz. 

Plants loose, soft, yellowish green, gelatinous, up to a meter in 
length ; main filaments 4Q-80fi diam. ; branches alternate or opposite, 
patent, flexuous, ramuli seeund, tapering, about 20/4, diam. ; segments 
much longer than broad, up to 20 diam. below. 
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Kuetzing, Phyc. Gen., 1843, p. 268; Harvey, Phyc. Brit., 1846, 
pi. 86 ; Collins, Green Alg. N. A., 1909, p. 336. 

The typical form has not as yet been detected on our coast. It is 
to be distinguished by its soft and gelatinous consistency and its seg- 
ments which are long throughout the plant. 

Cladophora Budolphiana f. eramosa Gardner 

Branches very long, subsimple. 

Growing in a warm salt water pond. Key Route Power House, 
Oakland, California. 

Gardner, in Collins, Green Alg. Suppl. II, 1918, p. 81; Collins, 
Holden and Setehell, Phyc. Bor.-Amer. (Exsicc.), no. 2241. 

A curious plant, seemingly nearest to Cladophora Riidolphiana, 
has been found in flowing warm salt water. The branching is very 
slight. The main filaments arc 55 /a to 60/4 diameter and the ramuli 
about 25/4 diameter. The lower segments are from 4.5 to 6.5 diameters 
long. 


13. Cladophora Bertolonii var. hamosa (Kuetz.) Ardiss. 

Plants 3-10 cm, high, dark green; filaments rather stiff, 80-100/4 
diam. in the main divisions, 25-30/4 in the ramuli; much branched, 
main divisions di- trichotornous, opposite or whorled branches, usually 
short and with densely set, secund, recurved ramuli, segments 1.3-3 
diameters long, rarely more, terminal segments rounded, not tapering. 

Central California (Pacific Grove). 

Ardissone, Phyc. Med., 1886, part IT, p. 242; Collins, Green Alg. 
N. A., 1909, p. 344. Cladophora hamosa Kuetzing, Phyc. Gen., 1843, 
p. 267, Tab. Phyc., 1854, vol. 4, pi. 8, f. 2. 

We know of this plant only from the report of Collins {loc, cit,), 
who appends the following remarks: “The California plant seems to 
be more slender than the European, seldom exceeding 60/4 in the main 
branches and 25/4 in the ramuli. The dark color, short cylindrical 
cells and elegant feathery tips, with a long series of secund, usually 
slightly recurved ramuli on the similarly recurved branches, are fairly 
clear characters.’' 

14. Cladophora albida (Huds.) Kuetz. 

Plants soft, dense, pale green, filaments 20-30/4 diam., segments 
4-5 diameters long, delicate ; branching irregular, ramuli long, patent, 
blunt. 
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Known in our region from East Sound, Washington, and San 
Pedro, California. 

Kuetzing, Phyc. Gen., 1843, p. 267; Collins, Green Alg. N. A., 
1909, p. 336. Conferva alhida Hudson, PI. Ang., 1732, Ed. I, 1778, 
Ed. II, p. 595; Dillw>ui, Brit. Conf., 1809, p. 32, pi. E. 

Cladophora alhidu is our most slender species as well as one of 
very soft and spongy consistency. By these characters it is usually 
to be distinguished, whether living or in dried specimens. 

15. Cladophora glaucescens (Griff.) Ilarv. 

Plants 10-40 cm. long, glaucous or yellowish green, loosely tufted, 
much branched, ending in long, erect, acute, alternate or sometim(*s 
secund, ramuli; segments at base 50-60/t diam., in ramuli 25-30/i,; 
segmentfc usually 4-6 diam. long, sometimes considerably longt*r. 

Nanaimo, Vancouver Island, British Columbia, to Oakland, Cali- 
fornia. 

Harvey, Notice of a collection of algae, etc., 1862f/, ])p. 160, 161, 
176; (>ollins, Mar. Alg. Vancouver Island, 1913, p. 103; Setchell and 
Gardner, Alg. N.W. Amer., 1903, ]). 224. Conferva glaucescens Grif- 
fiths, in Wyatt, Alg. Damn., no. 195. 

The above description is from (Collins’ Green Algae of North 
America (1909, p. 336), and refers to the species on the Atlantic 
coast. Its occurrence on our coa.st rests largely on the autl)ority of 
Harvey, who determined a plant collected by Dr. Lyall at Nanaimo, 
B. C. There is but a single plant in Harvey’s herbarium to represent 
the species on our coast, and one of us (Setchell) has seen the spcjoiimui 
and expresses some doubt as to its identity with the Atlantic coast 
plant. We are inclined, however, to refer here a plant collected by 
one of us (Gardner, no. 2647) in the warm salt water pond at the 
Key Route Power House in Oakland, California. 

16. Cladophora Stimpsonii Harv. 

Plants loosely tufted, up to 30 cm. high, light green, of delicate 
and silky texture; filaments 100-150/a at the base, tapering gradually 
upward, di- triehotomously divided, branches continuously but dis- 
tantly forking, successively smaller, ultimate branches lateral, sccundly 
pectinate with long ramuli, 20-25/a diam., with rounded or slightly 
pointed tips; segments 5-8 diam. long, longest near the base. 

On shells, etc. Ucluet Inlet, Vancouver Island, British Columbia, 
to southern California. 
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Harvey, Characters new alg., 1859a, p. 333; Collins, Green Alg. 
N. A., 1909, p. 338, Mar. Alg. Vancouver Island, 1913, p. 104 ; Collins, 
Holden and Setchell, Phyc. Bor.-Amer. (Exsicc.), no. 729. 

As Collins remarks (1909, p. 338), this is ‘‘a soft, delicate, silky 
plant, reminding one of the more delicate forms of C, gracilis^ but 
distinct in manner of branching, substance and cell dimensions.’’ It 
seems possibly a not unusual plant about San Pedro, California. We 
have compared our plants with a specimen collected by Yendo at 
Hakodate, Japan, the type locality, and it certainly seems to come very 
close to it, although careful study of a larger series of specimens might 
show some essential differences. 

17. Cladophora delicatula Mont. 

Plants loosely tufted, soft, dull green, about 10 cm. high ; filaments 
40-60/i diam. below, 4-6 diam. long; loosely branching, branches vir- 
gate, erect; ramuli in short, secund series, seldom over 8 segments in 
length, segments 20-30ft diam., 1-2 diam. long, joints somewhat con- 
stricted. 

Growing on rocks along high water limit exposed to the surf. 
San Pedro, California. 

Montague, Crypt. Guyan., 1850, p. 302 ; Collins, Green Alg. N. A., 
1909, p. 337 ; Collins, Holden and Setchell, Phyc. Bor.-Amer. (Exsicc.), 
no. 1582. 

The reference of these delicate plants to Cladophora delicatula is 
on the authority of Collins. He is also inclined to refer here, with 
some doubt, plants collected on shaded, sandstone rocks in quiet water 
at Coos^Bay, Oregon (Gardner, no. 2747). 

14. Spongomorpha Kuetz. 

Plants composed of profusely branched, monosiphonous filaments, 
with terminal segments frequently larger and longer than the seg- 
ments below, and usually blunt and rounded, though acute in some 
species; intercalary divisions predominate, though divisions of the 
apical segments may occur; in age the filaments are usually bound 
tightly together in cushion-like or rope-like tufts by descending 
rhizoidal branches below, or by special, short, spine-like or hooked 
branches, segments uni- or plurinucleate ; chromatophore either a 
thin, closed band, or a finer or coarser reticulum with few to many 
pyrenoids. 
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Kuetzing, Phyc. Gen., 1843, p. 273. Cladophora (Sponganiorpha) 
Kuetzing, Spec. Alg., 1849, p. 417. 

As originally founded by Kuetzing, Spangam^yrpha included two 
species, Canferva uncialis Ag. and Conferva aggregata Ag., the latter 
now considered to be a synonym of Conferva loiwsa Koth. Since these 
two species have generally been regarded as varieties of one, we may 
say that Spongomorpha Kuetzing has for its type 8. Innosa (Roth) 
Kuetzing. In the Phyeologia Gcrmanica (1845, p. 237), Kuetzing 
credited Spongomorpha with nine species, six of which are now 
referred under Spongomorpha lanosa or its variety unciaJiSy while 
three are members of the Ectocarpaceae. lie also placed the genus 
near Eciocarpus and well removed from his Cladophora and Aegagro- 
pila. In the Species Algarum (1849, p. 387 et seq.), Kuetzing placed 
both Spongomorpha and Aegagropila as subdivisions (subgenera?) 
under Cladophora, In this arrangement he extended SpongomorpJui 
to embrace twenty-one species, but did not include under this sub- 
division his section Comome*^ (1849, p. 389) of six species now gen- 
erally referred to Spongomorpha arcia, Kuetzing’s extension, how- 
ever, is suflficient to indicate a conception decidedly advanced beyond 
his first proposal. His first conception (1843) of the character of 
Spongomorpha was tin* dense habit, but later (1849) he calh‘d atten- 
tion to the slender, descending rhizoidal branches. In 1854, Kuetzing 
reviewed Spongomorpha as a genus, illustrating the various specie’s 
belonging to it (1854, p. 16 ei neq.^ and 1855, p. 29). Kuetzing’s idea, 
even then, was founded chiefly on habit. 

J. G. Agardh (1846, p. 12) f*)unded a genus Acrosiphonia (/‘Acro- 
liphonia^^ as printed) which was based largely upon Conferva lanosa 
Roth and C, arcta Dillw. The chief character given is that of having 
the upper segments long, while the lower are very short. 

We find, therefore, two genera, or generic conceptions, of prac- 
tically the same content, but which hav<» usually been includ(*d under 
Cladophora, Kjellinan was the first to recall attention to Spongo- 
morpha (1883, p. 304 et seq,), but in 1893, he reviewed J. G. Agardh’s 
genus Acrosiphonia and substituted it for Spongomorpha, A later 
proposal is that of Wille (1899, p. 281, 1900, p. 238) who would 
restrict Spongomorpha to the original type species, 8 , lanosa, on 
account of its uninucleate segments, and apply Acrosiphonia to the 
other species because of their multinuclcate segments. To this dis- 
tinction he adheres in a later article (1909, pp. 117, 118). It seems 
to us desirable to defer judgment on the value of the nuclear char- 
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acters until more extensive investigations have been undertaken. 
None of our species has been subjected to an examination of this sort, 
although they all secern to be made up of multinucleate segments. We 
shall consequently adopt Spongomorpha for our species instead of 
following the revision of Wille and adopting Acrosiphonia. 

Kjelhnan (1893) has laid great stress on the variation in the posi- 
tion of the fertile segments. We have not been able, as yet, to study 
this character in many of our species and can not, therefore, judge 
properly of distinctions founded on such characters. It is very desir- 
able that a study of the forms, arrangement and dates of formation 
of the fertile segments be made for our various species, and in widely 
separated localities. 

We have followed Collins (1909) very largely in the descriptions 
and limitations of our species, but have examined all our west coast 
plants carefully. As a result, we have found it necessary to depart 
from his account in some minor details and to differ from him in 
referring some of our plants. Of the seven specit*s recognized by us, 
five are supposedly restricted to the North Pacific Ocean and orig- 
inally named by Ruprecht (as species of Conferva). Two, however, 
are assumed to be identical with North Atlantic species. Possibly 
some of our species may bo identical rather with some of the spt'cies 
distributed by Kjellman under Acrosiphonia, but we have not been 
able to mak(^ sufficiently certain of this to place any under his names. 

The species of our coiist are most numerous along the northern 
range, i.e., from Puget Sound northward. Spongomorpha coalitu, 
however, ranges from Sitka, Alaska to just north of Point Concep- 
tion, California. A form referred to Spongomorpha arcta has been 
found in one locality in this same range, but we are inclined to 
iLssociate it rather with S. Mertemii. 


Key to the Species 

1. Branches all blunt and rounded at the apex 2 

1. Branches sometimes rounded, sometimes acute at the apex 5 

2. Hooked branchlcts present 5. 8. Martensii (p. 227) 

2. Branchlet-s never hooked 3 

3. Slender, not over lOO/t in diam. at tip 1. 8 . arcta (p. 223) 

3. Stouter, 200^, or over, in diam. at tip 4 

4. Walls of segments thin, not striate 2. 8. Hsrstriz (p. 224) 

4. Walls of segments thick, striate 3. 8. duritucnla (p. 225) 

5. Hooked branchleta absent 4. 8. saxatilis (p. 226) 

5. Hooked branchleta present 6 

6. Hooked branchlets always simple 6. 8. siiinesceiui (p. 229) 

6. Hooked branchlcts usually compound or branched 7. 8. eoalita (p. 230) 
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1. Spongomorpha arcta (Dillw.) Kuetz. 

Plants rich green, in dense fastigiate tufts, up to 15 cm. high; 
filaments erect, stiff, 60-1 OO/i diam. above, below smaller, much 
branched ; branches erect or appressed, obtuse or clavate at tips ; seg- 
ments above 4-6 diam. long, below 1.5-3 diam. long ; rhizoidal descend- 
ing branches 40-60/i diam. with segments 2-6 diam. long, firmly mat- 
ting together the lower part of the tuft. 

On rocks and on Fueits in the middle and lower littoral belts. 
Alaska (Bering Sea) to Wa.shington (Pug(*t Sound). 

Kuetzing, Sp. Alg., 1849, p. 417; Collins, Green Alg. N. A., 1909, 
p. 359 (excluding varieties). Conferva areta Dillwyn, Brit. Conf., 
1809, p. 67, pi. E. Cladophora arc fa Kuetzing, Pliyc. Gen., 1843, 
p. 263; Harvey, Phye. Brit., vol. 2, 1849, pi. 135; Si'tehell and Gard- 
ner, Alg. N.W. Amer., 1903, p. 224 (in part and excluding varieties 
except in part). Cladophora hnwsa var. uncialis, Tilden, Amer. Alg. 
(Exsice.), no. 372 (not of Tluiret). 

We have referred a numlxT of s])eeimens to Spongomorpha arcta, 
but without any knowledge of the exact nature of the type. The type 
specimens came from Bantiy Bay, on the southwest coast of lr(*land, 
and seeni to be plants all of whose filaments arc slender, obtuse or 
elavate at the tips, d(‘cidedly matted together below by descM‘nding 
rhizoidal branches but free and spreading in the u])per ])ortions. 
Neither hook nor spine branchlets are prc*sent. The ))lants referred 
here from our territory correspond in these general details and are, 
at least, closely related to this species. We are left with tin* impres- 
sion, however, that this may be the conception of a group of si)ecies 
rather than of a single specific entity. 

We have been unable to divide the Spongomorpha arcta of our 
coast into the varieties given by Collins in The Green Algac^ of North 
America (1909, pp. 359, 360). His f. conglutinaia, based chiefly on 
the separation of groups of terminal filaments into “Sym pi oca-1 ike 
tufts'^ and said to have acute branches occasionally found at the 
base of the older plants,” proves to have, on careful examination of 
the plants on which it is based, and which show the characteristic 
habit, not only spiny branchlets but simple hooked branchlets as well. 
We feel compelled, therefore, to refer these plants rather to Spongo- 
morpha spiiiescem, at least as we understand that species in this 
account. We find a similar combination of spiiiy branchlets and 
hooked branchlets in no. 918 of Collins, Holden and Setchell’s Phyco- 
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acters until more extensive investigations have been undertaken. 
None of our species has been subjected to an examination of this sort, 
although they all seem to be made up of multinucleate segments. We 
shall consequently adopt Spongomorpha for our species instead of 
following the revision of Wille and adopting Acrosiphonia, 

Kjcllman (1893) has laid great stress on the variation in the posi- 
tion of the fertile segments. We have not been able, as yet, to study 
this character in many of our species and can not, therefore, judge 
properly of distinctions founded on such characters. It is very desir- 
able that a study of the forms, arrangement and dates of formation 
of the fertile segments be made for our various species, and in widely 
separated localities. 

We have followed Collins (1909) very largely in the descriptions 
and limitations of our species, but have examined all our west coast 
plants carefully. As a result, we have found it necessary to depart 
from his account in some minor details and to differ from him in 
ref(»rring some of our plants. Of the seven species recognized by us, 
five are supposedly restricted to the North Pacific Ocean and orig- 
inally named by lluprecht (as species of Conferva). Two, however, 
are assumed to be identical with North Atlantic species. Possibly 
some of our species may be identical rather with some of the species 
distributed by Kjcllman under Acrosiphonia, but we have not been 
able to make sufficiently certain of this to place any under his names. 

The species of our coast arc most numerous along the northern 
range, i.e., from Puget Sound northward. Spongmuorpha coalita, 
however, ranges from Sitka, Alaska to just north of Point Concep- 
tion, California. A form referred to Spongomorpha arcta has been 
found in one locality in this same range, but we are inclined to 
associate it rather with 8 . Mertensii. 


Key to the Species 


1. Branches all blunt and rounded at the apex 2 

1. Branches soinotimea rounded, sometimes acute at the apex 5 

2. Hooked branchlets present 5. 8. MertanBii (p. 227) 

2. Branchlets never hooked 3 


3. Slender, not over IOOai in diam. at tip 1. 8. arcta (p. 223) 

3. Stouter, 200/i, or over, in diam. at tip 4 

4. Walls of segments thin, not striate 2. 8. Hystrii (p. 224) 

4. Walls of segments thick, striate 3. 8. darinsenla (p. 225) 

5. Hooked branchleta absent 4. 8. saiatilic (p. 226) 

5. Hooked branchleta present 6 

6. Hooked branchlets always simple 6. 8. ifiinesecna (p. 22; ) 


6. Hooked branchlets usually compound or branched 7. 8. coalita (p. 230) 
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1. Spongomoxpha arcta (Dillw.) Kuetz. 

Plants rich green, in dense fastigiate tufts, up to 15 cm. high ; 
filaments erect, stiff, 6 O-IOO/ 1 . diam. above, below smaller, much 
branched; branches erect or appressed, obtuse or clavate at tips; seg- 
ments above 4-6 diam. long, below 1.5-3 diam. long; rhizoidal descend- 
ing branches 40-60/x diam. with segments 2-6 diam. long, firmly mat- 
ting together the lower part of the tuft. 

On rocks and on Fi(cus in the middle and lower littoral belts. 
Alaska (Bering Sea) to Washington (Puget Sound). 

Kuetzing, Sp. Alg., 1849, p. 417; Collins, Green Alg. N. A., 1909, 
p. 359 (excluding varieties). Conf(rv{i arcta Dillwyn, Brit. Conf., 
1809, p. 67, pi. E. Cladophara arcta Kuetzing, Phye. Gen., 1843, 
p. 263; Harvey, Pliyc. Brit., vol. 2, 1849, pi. 135; Setehell and Gard- 
ner, A! N.W. Amer., 1903, p. 224 (in part and excluding varieties 
except in part). Cladophora Utnma var. uacialis, Tilden, Amer. Alg. 
(Exsicc.), no. 372 (not of Thuret). 

We have ref(‘rred a number of specimens to Spongomorpha arcta, 
but without any knowledge of the exact nature of tlie type. The type 
specimens came from Bantry Bay, on the southwc‘st coast of Tn‘land, 
and seem to be plants all of whose filaments are slender, obtuse or 
clavate. at the tips, decidedly mattc*d togetluT below by descc^nding 
rhizoidal branches but free and spreading in the upp(*r portions. 
Neither hook nor spine branchlets are present. The plants referred 
here from our territory correspond in these general details and are, 
at least, closely related to this species. We are left with the impr(\s- 
sion, however, that this may be the conception of a group of species 
rather than of a single specific entity. 

We have been unable to divide the Spongomorpha arcta of our 
cojist into the varieties given by Collins in Th(‘ Green Alga(? of North 
America (1909, pp. 359, 360). llis f. cmiglutinata, based chiefly on 
the separation of groups of terminal filaments into “Symploca-like 
tufts’^ and said to have “acute branches occasionally found at the 
base of the older plants,” proven to have, on careful examination of 
the plants on which it is based, and which show the characteristic 
habit, not only spiny branchlets but simple hooked branchlets as well. 
We feel compelled, therefore, to refer these plants rather to Spongo- 
morpha spine^cc'ns, at least as we understand that species in this 
account. We find a similar combination of spiiiy branchlets and 
booked branchlets in no. 918 of Collins, Holden and SetcheU’s Phyco- 
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theca Boreali-Americana referred to f. pulvinata. This plant also is 
referred by us to 8. spinescens. While specimens of what we retain 
under 8 . arcta have also been referred to these varieties, they differ 
in habit from that described for either variety and we consequently 
refer them to 8. a/rcta without attempting any varietal distinction. 

It has been customary to refer under 8pongoifnorpha arcta, at least 
in the broader sense in which we are, at present, compelled to use 
the name. Conferva cohaercns of Ruprecht (1851, p. 402). Ruprecht, 
himself, says that it is probably only a subspecies of C. arcta. The 
type specimens of C. cohaerens came from the North Pacific Ocean, 
probably from “ Awatschabai ’’ in the Sea of Ochotsk. Ruprecht states 
that his Conferva coliaercns is to be only slightly distinguished from 
the British C. arcta (of Mrs. Griffiths) by having the thicker varie- 
gated lateral branchlets which are abruptly attenuated to a point 
of X»oo line (about 11.3/x) in diameter (main filaments 75-80 /a). 
C. cohaerens also differs particularly from C. saxatilis Rupr. in its 
intertwined filaments and its lower, more slender and shorter branch- 
lets. The type specimen of C. cohaerens in the Herbarium of the 
Imperial Academy of St. Petersburg has the appearance and habit 
of 8pongomorpha arcta, but it is very desirable that it be carefully 
examined microscopically before being finally referred. 


2. Spongomorpha Hystrix Stroemf. 

Plants rich green, in rather dense tufts, filaments straight, very 
erect, except those at the base of the tuft, which are somewhat more 
open ; about lOQ-300/i diam. at the base, 200-500/ut diam. at the tip 
ultimate s(‘gments blunt or clavate, not attenuate; segments up to 4 
diam. long at the tip, 0.5-1. 5 diam. long below; rhizoidal branches 
fairly common in the older parts, 40-70/* diam., segments 3-10 diam. 
long. 

Forming a dense mass on rocks in the littoral belt. From Agattu 
Island to Sitka, Alaska. 

Stroemfelt, Om Algvegt. vid Island Kuster, 1887, p. 54; Collins, 
Green Alg. N. A., 1909, p. 358 ; not Setchell and Gardner, Alg. N.W. 
Amer., 1903, p. 226. 

8pongomorpha Hystrix seems to be a high northern species of the 
arcta group, differing primarily from 8pongomorpha arcta in the 
greater diameter of the filaments. The specimens referred by us in 
our final disposition of the species, have much larger filaments than 
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those of 8. arcta (up to 200jiA or over at the tips), but we have seen 
none approximating the maximum diameter (500fi at the tips) given 
for the Atlantic-Arctic plants. The Tilden specimens (American 
Algae, no. 374), issued as Cladophora arcta form ft, and assigned to 
C. Ilystrix by Setchell and Gardner (1903, p. 226), prove on exam- 
ination to have compound hooked branchlets and have been assigned, 
consequently, to Spongonutrph^i coalita in this account. Specimens 
from Karluk and from IJyak Bay, Alaska, assigned by Setchell and 
Gardner to Cladophora arcta and its form conijlutinata are now 
referred here, after careful examination. The status of this species 
on our coast, howeviT, is subject to careful revision as soon as more 
abundant material for study and comparison is available. 

8poH(jomorpha> HystrU might be compared with 8. duriiisciila, 
so far as description goes, but the species are very different in aspect, 
the f(*rmer being closely matted together below, while the latter shows 
so loose an intermingling of the filaments as to suggest the possibility 
of its belonging rather to Ckidophora than to Sponyomorpha, The 
S(*gments also in 8, duriuscuki are usually shortcT and those of the 
main filaments are horizontally striate. 

3. Spongomorpha duriuscula (Rupr.) (^>Uins 

Tufts 15-25 cm. high, erect, loose, main filaments firm, straight, 
with thick, horizontally striate walls, 200-250/* diam. below, 300/* at 
the tip; segments 0.5-1 .5 diam. long, 2-3 diam. at the blunt tips; 
branches similar, erect, scattered or in secund seri(*s of two or more; 
near the base of the tuft more slender, 150-200/* diam., with thinner 
walls, not striate, with numerous short, patent ramuli, scattered or 
secund. 

Growing on rocks in the upper sublittoral and lower littoral bedts. 
Alaska (Pribilof Islands to Karluk). 

Collins, Green Alg. N. A., 1909, p. 357. Cladophora alaskana 
Collins, in Collins, Holden and Setchell, Phyc. Bor.-Amer. (Bxsicc.), 
no. 917 (nomen nudum), in Setchell and Gardner, Alg. N.W. Amer., 
1903, p. 228 (description). Canferva durinscvla Ruprecht, Tange, 
1851, pp. 401-404. Conferva cartilaginea Ruprecht, Tange, 1851, 
p. 404 (fide Yendo). Acrosiphonia duriuscula Yendo, Notes on algae 
new to Japan, V, 1916, p. 246. 

The type locality of Conferva duriuscula Ruprecht is Unalaska, 
where it was collected by Wosnessenski (no. 108) as the type specimen 



226 Vnimrsity of California Publications in Botany [Vol. 8 

shows. The type specimen is of exactly the same habit and appearance 
as the specimens distributed under no. 917 of Collins, Holden and 
Setchell’s Phy cotheca Boreali- Americana, which are topotypes, prob- 
ably collected at the very same spot whence Wosnessenski obtained 
the type. 

Spongomorpha duriuscula is a coarse, lax species whose filaments 
are so slightly bound together that the plant seems much less like a 
Spongomorpha than either of the preceding species. There are some 
slcmder rhi/oidal branches, however, and the main filaments increase 
ill diameter towards their summits. The walls of the segments of 
th(? main filaments and longer branches are thick and horizonally 
striate as Kiiprecht lias stated. It seems to be a very distinct species 
of the TIpp(»r Bori'al Zone. 

Yendo (1916, p. 246) has placed this species under Acrosiphania 
and, after examining the types, has united with it Conferva cartila- 
gUhca Ruprecht (1851, p. 404) whose type locality is also Uiialaska. 
He also refers here Tildeu’s no. 373 (Amer. Alg.) under Cladophora 
arcta. The two (*^a” and ‘‘b”) specimens in our copy are, however, 
clearly Spongomorpha coalita, both as to habit and as to the possession 
of compound hemked branchlets. Yendo stat(‘s that Kjellrnan (1889, 
p. 55*) included plants of this species under his Cladophora di/fusa 
from Bering Island, Siberia. 

4. Spongomorpha saxatilis (Kupr.) Collins 

Plants dense but not much matted together; filaments 8()-120jLt 
diam., about the same diameter throughout, segments below 1-3 diam. 
long, above 3-6 diam., terminal segments sometimes 10-12 diam. ; 
branching di- trichotomous, with occasional lateral branches, divisions 
erect, somewhat acute or tapering, but usually with rounded tip ; older 
parts with descending rhizoidal filaments, about half the diameter of 
the filaments from which they spring, and with longer segments some- 
times 10-12 diam. long. 

On rocks in the lower littoral belt. Alaska to San Francisco, Cali- 
fornia. 

Collins, Green Alg. N. A., 1909, p. 360, Mar. Alg. Vancouver 
Island, 1913, p. 104. Conferva sojcatilis Ruprecht, Tange, 1851, p. 403. 
Cladophora saxatilis (Riipr.) De-Toni, Syll. Alg., vol. 1, sect. I, 1889, 
p. 311; Setchell and Gardner, Alg. N.W. Amer., 1903, p. 223; Collins, 
Holden and Setchell, Phyc. Bor.-Amer. (Exsicc.), no. 921. Clado- 
phora arcta Tilden, Amer. Alg. (Exsicc.), no. 279 (not of Kuetzing). 
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Spongomorpha saxatilis var. Chamissonis (Riipr.) Collins 

Filaments 40-60/* diam., cells 3-4 diam. long, nodes constrieted; 
cells slightlj" shorter towards the base. 

Alaska to Washington. 

Collins, Green Alg. N. A., 1909, p. 360. Clmlophora Chamissoms 
(Riipr.) De-Toni, Syll. Alg., vol. 1, sect. I, 1889, p. 333; Collins, 
Holden and Setchell, Phyc. Bor.-Amer. (Exsicc.), no. 920. Conferva 
Chamissonis Riiprecht, Tange, 1851, p. 403. 

Sponyomorpha saxatilis resembles looser conditions of S. arcta^ 
but is even more lax, as a rule, than any condition of that species. It 
resembles *S». spinescvns in having very much attenuated branches and 
even modcratel}’ sliarp branch lets, but it never has hooked, acute, 
tipped branehlets. It is also more lax and h‘ss split up into symplocoid 
tufts !ian is usual with the spinescens of our coast. 

The type of Conferva saxatilis Ruprecht was found at “Cap 
Nichta” in the Sea of Ochotsk, and the other specimens referred to 
it si'cm to differ from it and among thc*mselves in eoarsi'iiess and pro- 
portions, of segments. Yciido, who has examined the type specimens 
of Rupiveht's specii's of Conferva, refei’s (1916, ]). 245) Conferva 
Chamissonis and C. saxatilis to the same species, as Collins had already 
done. Collins, howevtT, was inclined to add Conferva Mertensii and 
C. viminea as well, but Yendo says that while the type specimens in 
St. Petersburg show that tlu‘ two latter iivv identical they also show 
that they are (juite distinct from the two former. We, also, have felt 
it necessary" to keep C, Mertensii separate from C. saxatilis. 


5. Spongomorpha Mertensii (Rnpr.) S. and G. 

Plants up to 11 cm. high, erect, moderately rigid, lax, bright green; 
branching alternate, branches erect, angles acute; main filaments and 
branches 110-160/x diam. above, 80-110/* diam. below; segments 0.5- 
2.5 times as long as the diameter, terminal rounded or gradually taper- 
ing, even prolonged into long spinous rhizoids, up to 5 times as long 
as the diameter; spiny branehlets absent; short, blunt, branched, 
hooked branehlets generally present. 

Alaska (Unalaska and Sitka) to California (San Francisco). 

Setchell and Gardner, Phyc. Cont. I, 1920, p. 280. Conferva 
Mertensii Ruprecht, Tange, 1851, p. 403. Conferva viminea Ruprecht, 
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loc. cit. (fide Yendo). Cladophora Mertensii De-Toni, Syll. Alg., 
vol. 1, 1889, p. 317. Cladophora vimmea De-Toni, loc. cit., p. 318. 
Spongomorpha arcta var. limitanea Collins, Green Alg. N. A., Suppl. 
I, 1912, p. 97, in Collins, Holden and Setchell, Phyc. Bor.-Amer. 
(Exsicc.), no. 1736. Acrosiphonia Mertensii (Rupr.) Yendo, Notes 
on algae new to Japan, V, 1916, p. 246, 

Collins (1909, p. 360), on evidence furnished by authentic speci- 
mens in Herbarium Parlow, unites not only Conferva Mertensii Rupr. 
with C. viminea Rupr., but also unites with them C. Chamissonis 
Rupr. and C. saxatilis Rupr., placing all these names as synonyms 
under Spongomorpha saxatilis. Yendo (1916, p. 245), however, as a 
result of study of the type specimens preserved in the Herbarium of 
the Imperial Academy of Sciences of St. Petersburg, is of the opinion 
that Conferva saxatilis and C. Chamissonis are simply forms of one 
species and that C. Mertensii and C. viminea are also forms of one 
species, but that the two latter are quite distinct from the two former. 
Yendo does not, however, point out in what this difference consists. 

We are inclined to refer here provisionally and with considerable 
doubt, a specimen (no. 3288 of Setchell and Lawson) collected at 
Amaknak Island in the Bay of Unalaska. It is somewhat coarser than 
specimens of Spongomorpha saxatilis and of even more lax habit. It 
has no spines, but has occasional inrolled, circinate, yet blunt, branch- 
lets, very different, however, from the hooked branches of either of 
the two succe(?ding species. The general aspect, the dimensions, and 
these inrolled branchlets are all indicated in Ruprecht s description 
of Conferva Mertensii and assist in distinguishing this species from 
C. saxatilis. 

Very similar to the Unalaska plant is that distributed under 
no. 1736 of the Phycotlicca Boreali-Americana. It has no spiny 
branches or branchlets but it usually shows circinate, often branched, 
branchlets. The terminal segments varj*^ from very blunt and dilated 
to extremely attenuated and in some plants are prolonged into curious 
long and sinuate rhizoids. The last character has been noticed only in 
summer plants. We may add that the description of this species has 
been drawn up largely from our Californian specimens. 

The type locality for Conferva Mertensii Rupr. is given as. Sitka, 
while C. viminea Rupr. is given as occurring at both Sitka and 
Unalaska. 
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6. Spongomorpha spinescens Kiietz. 

Plants orbicular in outline, with short symplocoid divisions; fila- 
ments about 80/1 diam. below, lOO/i diam. at tip; sefpnents 0.5-1 diam. 
long below, 2 diam. long at tip; normal, erect, somewhat obtuse 
branches abundant; also patent and acute branches, either short and 
spine-like, or long, hooked, revolute and circinati*, uniting the filaments 
into branching symplocoid tufts; descending rhizoidtil branches slen- 
der and abundant. 

Growing on the tips of algae and sponges along the upper tide 
limit in exposed places. Bay of Unalaska, Alaska, to Coos Bay, 
Oregon. 

Kuetzing, Tab. Phyc., vol. 4, 1854, p. 16, pi. 75, II; Collins, Green 
Alg. N. A., 1909, p. 860. Cladophora spinescens Kuetzing, Sp. Alg., 
1849, p. 418; Setchell and Gardner, Alg. N.W. Amer., 1908, p. 227. 
Cladophora saxatUis Setchell and Gardner, he. cit.y p. 228 (in part). 
Cladophora arcia f. pulvimta Collins, in Setchell and Gardner, loc. 
cit.y p. 225. Spongonwrpha arcia f. pulvinata Collins, Green Alg. 
N. A., 1909, p. 860 (not of Foslie). Chdophora arcia f. coti(jlutin<iUi 
Collins, m Setchell and Gardner, he. cii.y p. 225 (in large part). 
Spangamorpha arcia f. canglutinaia Collins, Gn‘en Alg. N. A., 1909, 
p. 359. Cladophora arcia Harvey, List N.W. Alg., 1862as p. 176 (at 
least in part). Chdophora scopaeformis Setchell and Gardner he. cit., 
p. 227 (in part). 

Spongoniorpha spinescens was founded on a specimen sent by 
Lenormand to Kuetzing from the coast of Morbihan, a (iepartment 
of Prance on the northern short of the Bay of Biscay. A topotype 
of this species, if not possibly a cotype, exists in the Herbarium of 
the University of California (no. 145264), i.e., it is from the same 
locality and sent out by Lenormand. It also answers in full to 
Kuetzing ’s description. 

Spongoniorpha spinescens is characterized by abundant acute 
branches and branchlets with some of the short, simple, acute branch- 
lets curved into definite hooks. In looking over our Alaskan and 
Puget Sound materials, we find a number of specimens which corre- 
spond well in habit and other characters with the descriptions and 
figures of S. spinescens as well as with the specimen mentioned above. 
We feel fairly certain in referring them to Kuetzing ’s species. We 
have also compared our specimen with the descriptions of Acrosiphonia 
albescens Kjellman and A. hamuhsa Kjellmaii as well as with speci- 
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mens of the former from both Iceland (Jonsson) and the Faeroes 
(Bbrgesen). Our plants do not agree completely with the description 
of either of Kjellman’s species nor do they correspond to either of 
the specimens of A. albescens which specimens, in their turn, seem 
to us to belong to different species. 

We find that our specimens, seeming to belong to this species, have 
been variously referred in our previous paper (1903) as will be seen 
from the synonymy given above. It is to be easily distinguished from 
the next, both in habit and in the unbranched, simple, hooked branch- 
lets. The fertile segments are all intercalary, usually one or two 
together, and rarely three to four in a series, and generally distributed 
over the plant. 


7. Spongomorpha coalita (liupr.) Collins 

Plate 16, fig. 4, and plate 32 

Plants elongated, at first loosely tufted, but soon forming long, 
dense, ropelike, branching tufts, up to 30 cm. long: at first bright, 
later dull or yellowish green ; filaments 100~250/i diam. in the terminal 
segment; branching dichotomous below, irregularly alternate above, 
all branches of this class erect, with blunt, truncate, or, at times, acute 
ends; also present, except in very young plants, abundant, patent, 
tapering, very acute, compound, or branched, sharply and abruptly 
hooked branches by which all the older parts are densely matted 
tog(‘ther; segmmits 0.3-1 diam. long in the lower part of the older 
plants, 2-3 diam. in the younger plants, and even 6-25 diam. in the 
active tenninal segment. 

Growing on rocks and on other algae in the middle and lower 
littoral belts. Very abundant along the entire Pacific Coast from 
southeastern Abiska (Sitka) to central California (San Luis Obispo 
County). 

Collins, Green Alg. N. A., 1909, p. 361. Cladophora scopaeformis 
Setchell and Gardner, Alg. N.W. Amer., 1903, p. 227 ; Collins, Holden 
and Setchell, Phyc. Bor.- Amer. (Bxsicc.), nos. 819 and 922; Farlow, 
Anderson and Eaton, Alg. Bxsicc. Amer.-Bor., no. 203. Cladophora 
coalita Setchell and Gardner, loc. cit,, p. 227. Cladophora Hystrix 
Setchell and Gardner, loc, cit,, p. 226 (not of Stroemfelt). Conferva 
coalita Ruprecht, Tange, 1851, p. 404. Cladophora arcta form a, 
Tilden, Amer. Alg., no. 373, and form b, no. 374; Collins, Mar. Alg. 
Vancouver Island, 1913, p. 104, as to no. 374. 
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Spongomorpha coalita, as it usually occurs, is readily recognizable, 
both by its habit and by the possession of compound, strongly hooked 
branchlets. It seems reasonably certain that the Conferva scopae- 
formis Ruprecht represents only a younger stage of C, coalita 
Ruprecht, with somewhat more slender filaments and longer terminal 
segments (cf. Collins, 1909, p. 361). The plants are distinctly 
elongated and their filaments are combined into ropelike masses. The 
recurved branchlets usually show either thive or four sharply recurved 
and pointt'd tips or a less number, sometimes only one, with one or 
more longer straight branchlets arising from them. We have seen 
nothing like this in any other of our species of Spongomorpha^ nor is 
any branching of this sort described for any of the species of this 
genus, or of Acrosiphonia, except that Kjellman figures compound 
recurved branchlets in liis Acrosiphonia hamulosa (1893, pi. 1, f. 5). 
This species, however, is of very different habit, and has more slender 
filamenis as well as more slender recurved branchlets than Spongo- 
morpha coalita, resembling more closely S, spincsccns, but seemingly 
distinct from it. 

There is considerable variation in the dimensions of the filannuits 
and in the proportions of the segments in different individuals. The 
walls of the s(‘gments also vary much in thickni'ss, up to as great 
as 40/a, e.g., in a specimen collected on the west coast of Whidbey 
Island, Washington (Gardner, no. 467). 

A seemingly young, but unusual plant, collected on dune 3 at 
Carmel Bay, California (no. 5418 Setchell), is about 200/a in diametiT 
at the tips, but the terminal segment is often as much as 3 mm. long. 
Below, the hooked branchlets are often simple, but some are com- 
pound. If separated, these specimens might be referred under Con- 
ferva scopac formis Rupr. 


15. Microdictyon Dec'ne 

Plant a sessile, membranaceous network, formed of monosiphonous 
filaments, densely branching in one plane in a radiate manner, the 
tips of the branches attaching themselves to the sides of other branches 
by a terminal thickening, producing irregular, angular, open spaces 
between the segments; reproduction by zoospores formed in any 
segment. 

Decaisne, PI. de TArab., 1841, p. 115. 
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The genus Microdietyon comprises species which are totally differ- 
ent in habit from any of the other Cladophoraceae, and possesses a 
thallus of a leaflike form and general appearance. The species may, 
however, be considered to represent opposite branched Cladophorae 
whose branchlets anastomose to produce a plane, reticulate thallus, 
the main filaments and branches giving the appearance of veins, while 
the branchlets form the general groundwork. The species are all 
tropical or subtropical, one species only being credited to our coast. 


Microdietyon Agardhianum Dec’ne 

Plants delicately membranaceous, filaments 50-200/it diam., main 
veins rather distinct, radiate, branches patent; segments usually 2-4 
diam. long. 

Guadalupe Island, Lower California. 

Decaisne, PI. de I’Arab., 1841, p. 115. 

Collins (1909, p. 366) refers under the name Microdietyon 
Agardhianum a plant from Guadalupe Island off the coast of Mexico. 
Since we have not seen specimens of this, we have not attempted to 
consider whether the Guadeloupe plant is the same as M. Agardhianum 
Decaisne of the Red Sea or M. unibilicatum (Velley) Zanard. from 
southwest Australia, but have left our reference under the name used 
by Collins. 


16. Boodlea Murray and De-Toni 

Boodlea composita (Harv.) Brand (1904, p. 187, pi. 6, f. 28-35) 
is a tropical species, the type locality of which is the island of Mau- 
ritiua This species has been credited to our coast (cf. Setchell and 
Gardner, 1903, p. 226; Collins, 1909, p. 367; Yendo, 1916, p. 247; 
Collins, Holden and Setchell, Phyc. Bor.-Amer., no. 722). An exam- 
ination of the specimens upon which this representation is based shows, 
however, that none of them is really the Conferva composita Harv. 
(1834, p. 157). Collins (1918, p. 85) states that what has been said 
concerning Boodlea cmiposita in his Green Algae of North America 
(1909, p. 367) is to be cancelled. Boodlea, consequently, can .not be 
said to have be<‘n found on our coast. 
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Order 4. ULVALES blackman and tansley 

Fronds membranaceous of one or two layers of cells, or tubular 
with wall of a single layer of cells, or filamentous of two or more 
vertical rows of cells, simple or branched, attached by rhizoids either 
free or united into a disk; cells with a single nucleus and a single 
parietal chromatophore containing usually one, but, occasionally, two 
or three pyrenoids; multiplication vegetative, non-sexual and sexual; 
vegetative, by abscission of proliferous shoots, by accidental rupture, 
by gemmae or by akinetes; non-sexual, by 2- or 4-ciliated zoospores; 
sexual by 2-ciliated isoplanogametes forming a zygote capable of 
germinating at once. 

Blackman and Tansley, Rev. Class. Green Algae, 1902, pp. 20 and 
136; West, Algae, 1916, vol. 1, p. 275. 

FAMILY 9. UIiVAC^EAE OUEVILLE 

Characters of the order. 

Greville, Alg. Brit., 1830, p. 168 (lim. mut.). Vlvacees Lamouroux, 
Essai, 1813, p. 59 (in part) ; Thuret, Note sur la Syn., 1854, p. 27. 

Key to the Genera 

1. Frond tubular even at maturity 2 

1. Frond expanded at maturity 4 

2. Frond parenchymatous (except E. groenlandica) 

19. Enteromorpha (p. 244) 

2. Frond not parenchymatous 3 

3. Cells Kloeocai^soid in longitudinal strips 17. CapBOsiphon (p. 233) 

3. Cells neither Kloeocapsoid nor in longitudinal strips 

Enteromorpha groenlandica (p. 248) 

4. Frond narrow, 1-4 cells wide 21. Percursaria (p. 273) 

4. Frond broad, membranaceous 5 

5. Mature frond of a single layer of cells 18. Monostroma (p. 235) 

5. Mature frond of two layers of cells, united wholly or in part 20. Ulva (p. 260) 


17. Capsosiphon Gobi 

Plants filamentous, hollow, gelatinous, the cells mostly in twos and 
fours, enclosed within the walls of the mother cell, and arranged in 
distinct longitudinal series, the series loosely connected laterally. 

Gobi, Ber. Alg. Forsch. im Finn. Meer., 1877, etc., 1879, p. 88. 
Ufa Fries, Syst. orb. veg., pt. 1, pi. homon, 1825, p. 336 (in part) ; 
J. G. Agardh, Till Alg. Sys., pt. 3, 1883, p. 114. 
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We have preferred to use the generic name Capsosiphon of Gobi 
(1879) rather than Ilea J. Ag. for several reasons. Fries founded 
the genus Ilea in 1825 (p. 336) to contain various species which were 
later found to belong to Enteromorpha Link (1820). The genus Ilea 
was refounded by Fries in 1835 (p. 321) to contain two species, viz., 
7. Fascia (Muell.) Fries and 7. foeniculaceus (Huds.) Fries. If the 
genus Urn is to be retained at all, it ought to be retained for Ilea 
Fascia (Phyllitu Fascia Kuetz.), since Fries states (1835) that the 
character of 7. Fascia was the one upon which the genus was really 
founded. Finally the genus Capsosiphon Gobi (1879) was founded 
two to three years before J. G. Agardh (1883, p. 114) resurrected the 
name Ilea tn confer it upon the Ulva aureola Ag. (1835, no. 29, pi. 29) . 


Capsosiphon fulvescens (Ag.) S. and G. 

Fronds 1-5 cm. up to 8 cm. high, thread-like, later becoming 
tubular, up to 2 cm. diam., cylindrical or somewhat compressed, with 
an occasional swelling, unbranched, or in age slightly proliferating; 
cells roundish or oval with a thick membrane resembling the cells of 
Olopocapsa, 4-5/* diam., arranged in long rows, 2-4 rows grouped 
together. 

Growing on muddy rocks. St. Michael, Alaska. 

Setchell and Gardner, Phyc. Cont. I, 1920, p. 280. lllua 
fulvcscpHS Agardh, Sp. Alg., 1821, p. 420. Ilea fulvescens, J. Agardh, 
Till Alg. Syst., part 3, 1883, p. 115, pi. 4, f. 95-99; Collins, Green 
Alg. N. A., 1909, p. 206, f. 71. Enteromorpha aureola Kuetzing, Tab. 
Phyc., vol. 6, 1856, p. 14, pi. 40; Setchell and Gardner, Alg. N.W. 
Amer., 1903, p. 214. Capsosiphon aurcolum {sic!) Gobi, loc, cit. 
Ulva aureola Agardh, Icon. Alg. Eur,, 1835, no. 29, pi. 29. 

Capsosiphon fulvescens, better known perhaps as Enteromorpha 
aureola, was included in our previous account (1903, p. 214) as having 
been found at St. Michael, Alaska by one of us (Setchell) intermixed 
with lihizoclonium riparium. The specimen, on reexamination, fails 
to show a single filament of the Capsomphon, hence its proper inclusion 
in our flora must remain, for the present, a matter of doubt. 

We have chosen the specific name fulvescens rather than tliat of 
aureolus, because J. G. Agardh (1883, p. 115) has stated that it be- 
longs to this species, Ulva fulvescens Ag. being a younger condition, 
while U. aureola Ag. is more developed. 
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18. Monostroma Thur. 

Frond at the beginning a closed sack or tube, at times splitting 
very early or again retaining the saccate or tubular shape until late, 
in almost all cases, however, finally becoming a flattened or crisped 
membrane of a single layer usually parenchymatous but occasionally 
of gloeocapsoid cells, exc(‘pt at the base where thickening occiu’s by 
the descent of elongated rhizoidal cells forming several layei*s; vege- 
tative multiplication by g(‘mmation or proliferation, non-sexual repro- 
duction by 2- or 4-ciliated zoospores and sexual reproduction by 
2-ciliated isoplanogametes all originating in unchang(‘d cells; zygote 
usually germinating immediately. 

Thuret, Note sur la Syn. des lUv., 1854, ]). 13. 

The genus Monostroma comprises those* members of the Ulvaceae 
which, at maturity, form an expanded membram* of a single layer 
of cells. Certain species of Mtnwstroma d(*veIop n(*arly to full size as 
sacks which then split open by one or more slits and become expanded 
membranes. There are still other species, however, which se(*m to 
consist of expanded membranes of a single layer of cells almost, if not 
quite, from the beginning. We have some reason to suppose that these 
species are tubidar or saccate only in their very youngest stages, 
splitting early and becoming, therefore, one-layered almost from the 
beginning. 

In some of the species of Moiiostroum the cells are closely placed, 
with thin, or even thicker, firm walls, giving a parenchymatous appear- 
ance, while in others the intercellular substance is ample and more 
or less gelatinous causing the cells to stand off from one* another, 
usually in small groups (2-4 or more) after the fashion of Gloeocapsu 
or Chroococcus. The relative sizes of the cells in diff(*rent dimensions, 
as well as the abundance or scarcity of intercellular substance, added 
to the size, development, and shape of the frond, furnish characters 
which may be u.sed for the separation of the species. 

The species of Mmosironia are marine, and also found in brackish 
and fresh water. At times what appears to be the same species may 
be found in both salt and. fresh water. The thirty-five species credited 
to the genus are known only with certainty from the Northern Hemi- 
sphere, where they occupy, for the most part, the colder waters, intrud- 
ing into warmer zones only in winter and spring when the temperature 
of the water is lowered. 
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Key to the Bpecies 


1. Frond saccate until late, then rupturing 2 

1. Frond expanded very early 3 

2. Membrane 15~20/x thick, delicate in texture 1 . M. Orevillei (p. 236) 

2. Membrane 25-45 m thick, tougher 2. M. arctieum (p. 238) 

3. Frond light green on drying, adhering well to paper 4 

3. Frond darkening on drying, not adhering well to paper 8. M. ftucum (p. 242) 

4. Membrane 4Q-50/ti thick 7. M. orbicnlatum (p. 242) 

4. Membrane less than 30 m thick 5 

5. Frond 7-10 m thick 6 

5. Frond 20-25 m thick 7 


6. Membrane distinctly areolate, cells distinctly grouped 

4. M. areolatnm (p. 240) 

6. Membrane not arer^latc, cells slightly, if at all, grouped ^ 

3. M. sosteiicola (p. 238) 

7. Cells arranged in distinct groups of 4-6, rounded 5. M. quatemarium (p. 240) 

7. Cells not in distinct groups, angular. 6. M. latissimum (p. 241) 


1. Monostroma Qrevillei (Thur.) Wittr. 

Frond attached, at first saccate, then opening at the top, and 
ultimately splitting to the base; soft and delicate, pale green; mem- 
brane 15-20/a thick, cells quadrate with rounded angles, closely set, 
horizontally oval in cross section, 12-14/a high ; sporiferous cells 
enlarged, vertically elongate in cross section; cell wall dissolving 
after emission of spores. 

On stones in the upper sublittoral and lower littoral belts, Alaska. 

Wittrock, Monostr., 1866, p. 57, pi. 4, f. 14; Collins, Green Alg. 
N. A., 1909, p. 209; Setchell and Gardner, Alg. N.W. Amer., 1903, 
p. 208. Entcromorpha GrcvUlei Thuret, Note sur la Syn. Ulv., 1854, 
p. 25. 

Certain of the species of Monostronia retain the saccate habit until 
late, or rather until the sack has reached considerable size, before 
splitting. IVo species, at least, on our coast do this; one is Mo'no- 
stroma OreviUei and the other is M, arcticuni. In M. Orev'dlei, 
especially if obtained in position, the saccate habit is usually easily 
observed or inferred, even when the plant is split to the base into 
segments. When detached fragments, especially of some size, are 
collected, the saccate habit may not be in evidence. Momstroma 
OrmilUi is of delicate consistency and lubricous, differing in both 
these characters from any of the forms of M, arctieum. It is also 
decidedly thinner than M. arctieum. Otherwise the two species are 
much alike. Bosenvinge (1893, p. 949 and 1894, p. 152) has united 
them as varieties of one species. We are inclined, however, to follow 
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Collins (1909, pp. 209, 210) and keep them separate, at least for the 
present, for the reasons given above. 

On the Atlantic coast of North America, Manostrmna GreviUei is 
a summer plant in the Greenland waters (Upper Boreal Zone), but 
invades the North Temperate Zone in spring-time. On the Pacific 
Coast, our only specimens are from Bering Sea but Collins (1903, 
p. 13) states that it descends to Monterey, California, which is much 
above its accustomed temperature. 

The reference of Collins to Monterey is based on two small speci- 
mens found attached to GloiosiphonUi vcrti'Cillari.s Farl., collected by 
Mrs. J. M. Weeks. Reexamination of these specimens, although not 
convincing, leads as to the opinion that they may be n(*an*r Mono- 
stronui zostericola than to any forms of M, GreviUei, 

Collins gives, in addition to the typical form, the two following 
varieties jis found on our coast. Since we have access to very sc^anty 
material we follow him and other authorities as to their disposition. 

Monostroma Orevillei var. lubricum (Kjellm.) Collins * 

Frond up to 15 cm. long, pale or whitish gri»en, delicate, very 
lubricous and fiaeeid, of iprt»gular outline, laciniate, plicate, margin 
often crisped and lacerate; frond 18 - 22/1 thick; cells secui superficially, 
circular or rounded angular, often in twos or fours, cell wall thick; 
in cross section horizontally ovate or oblong, 4.5-8/ji high. 

Floating in shapeless masses in quiet waters. Alaska. 

Collins, Green Alg. N. A., 1909, p. 209. Mmwstrania lubricum 
Kjellman, Spetsb. Thall., 1877, p. 48, pi. 4, f. 8, 9; Setchell and 
Gardner, Alg. N.W. Amer., 1903, p. 207. 

Monostroma GreviUei var. Vahlii (J. Ag.) Rosen v. 

More slender in form, often cylindrical, retaining its saccate shape 
longer, and with cells arranged in more or less distinct longitudinal 
scries. An early spring plant. 

Alaska (Kukak Bay, Saunders, Sitka, Gardner), 

Rosenvinge, Groenl. Havalg., 1893, p. 949; Collins, Green Alg. 
N. A., 1909, p. 209. Monostroma Vahlii J. G. Agardh, Till Alg. Sj^st., 
VI, 1883, p. 109, pi. 3, f. 84-89 ; Saunders, Alg. Harriman Exp., 1901, 
p. 410; Setchell and Gardner, Alg. N.W. Amcr., 1903, p. 208. 

We have seen only a fragment collected by one of us (Gardner) 
at Sitka. This seems, however, to be clearly the Monostroma Vahlii 
of J. G. Agardh. 
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2. Monostroma arcticum Wittr. 

Frond attached, at first saccate, later splitting into a few broad 
laciniae ; subradiately plicate, with crisped margin ; pale green, becom- 
ing yellowish in drying; membrane 25-45/1 thick; cells 4-6 angled, 
closely set, irregularly placed; in cross section either vertically or 
horizontally oval, l()-30/i high. 

On stones, in shallow pools of the middle littoral belt. Known 
only from Alaska. 

Wittrock, Monostr., 1866, p. 44, pi. 2, f. 8; Collins, Green Alg. 
N. A., 1909, p. 210; Setchell and Gardner, Alg. N.W. Amer., 1903, 
p. 208; Collins, Holden and Setchell, Phyc. Bor.-Amer., (Exsicc.), 
no. 910. Monostroma laiissimnni Setchell and Gardner, Alg. N.W. 
Amer., 1903, p. 207 (in part). 

Rosenvinge (1893, p. 949, 1894, p. 152) unites Monostroma 
arctioum with M, Grevillei, keeping it as a variety. Much may be 
said in favor of such a disposition, especially in view of the treatment 
usually accorded M, fusctwi, M. splendvns and M. Blyttii, C’ollins 
(1909, p. 210), however, decides to keep them separate, although 
acknowledging the close relationship, on the ground that M, arcticum 
is a somewhat tougher and thicker plant than typical M, GrcvilleL 
Tt se(*ms b(*st to us, also, to keep them separate. We follow Rosen- 
vinge, however, in uniting with Monostroma arcticum^ M, anyicava, 
M. cylindracmm and M, saccodcum of Kjellman (1883, pp. 295-297). 
Tliese last species seem to differ only in general habit and this is prob- 
ably due to earlier or later splitting of the saccate frond. 

We find in carefully examining some specimens from Bering Sea 
and northwestt'rn Alaska, previously referred (cf. Setchell and Gard- 
ner, 1903, p. 207, as to nos. 4020 and 5077) to Monostroma latissium, 
that they agree better with M, arctic wm. 


3. Monostroma zostericola Tilden 

Plate 14, figs. 12, 13 

Frond more or less cucullate, cuneate-obovate or divided into 
segments of that form; cells angular, in more or less distinct series, 
longitudinal and transverse; margins plane, often ragged; membrane 
7-10/i thick, cells quadrate to vertically oblong in cross section, 5-8/i 
high. 
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In the sublittoral belt, growing on Zostcra. Known definitely only 
from the waters of the Puget Sound region. 

“Monostroma zostericolmi” Tilden, Amer. Alg. (Exsicc.), no. 388, 
1900. Momstroma leptodemmm Collins, Green Alg. N. A., 1909, 
p. 213; Setchell and Gardner, Alg. N.W. Amer., 1903, p. 209 (prob- 
ably not of Kjellman). 

Monostroma zostericola is known thus far from the original collec- 
tion by Tilden from the waters between Brown and San Juan Islands, 
Washington; from Port Renfrew, Vancouver Island, British Colum- 
bia, collected by Butler and Policy (cf. Collins, 1913, p. 103, under 
M. leptodemmm) ; and from near Victoria, British Columbia, collected 
by one of us (Gardner). There is some reason for ri'ferriug liere, 
although doubtfully, young specimens from Monterey previously 
placed under M. Orcvilki. The specmu’ns of all collections agree in 
showing sessile plants, attached and split in such a way as to suggest 
their earlier saccate form and growing on Zostcra. The species is 
very delicate and its membrane very thin. The only species of this 
genus on our coast with anything like so thin a membrane is our 
Monostroma areolatum which differs decidedly in size, undulate and 
crisped lobes, areolate surface and cells in definitely delimited and 
separated groups. Collins, in various papers, has been inclined to 
refer the Tilden plant to Monostroma leptodemmm of Kjellman 
(1877a, p. 52, f. 23, 24). Kjellman ’s plants, unfortunately, were not 
found attached, but were floating fragments, the largest of which was 
10 cm. long and about 6 cm. wide. We have seen no entire plants 
among the considerable number examined from our coast which 
approach these dimensions. Kjellman also states that his larger frag- 
ment had the margins undulate and crisped which is not the case in 
any of the specimens from our coast. The cells in ours seem to agree 
fairly well with the description and figures of Kjellman except in 
being more elongated vertically than horizontally in cross section. 

Rosenvinge (1893, p. 944, f. 49, 1894, p. 148, f. 49) and Jon.sson 
(1904, p. 63) refer a very different plant from ours to the Monostroma 
leptodermum Kjellm. Their plant has a long, slender, tubular stipe 
and the membrane is undulate and ruffled. It seems best to us, there- 
fore, to consider that their plant is more likely to represent Kjellman ’s 
species and to place ours under the name bestowed upon it by Tilden. 
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4. Monostroma areolatmn S. and G. 

Plate 25 and Plate 26, fig. 2 

Frond very delicate, lubricous, 20-35 cm. high, sessile, saccate when 
young, soon splitting and forming numerous, long, broadly ovate or 
obovatc, undulate, plicate and much crisped lobes, pale green; mem- 
brane distinctly and finely areolate, 9-12/it thick; cells with rounded 
angles, 6-7/i, diam., subspherical in cross section, grouped within each 
areole. 

Growing on Zostera in quiet waters. Sitka, Alaska. 

Setchell and Gardner, Phyc. Cent. I, 1920, p. 281, pi. 30 and 
pi. 31, fig. 2. 

This species of Momstroma is exceedingly beautiful and among the 
most delicate and flaccid of the genus. The frond remains saccate for 
a brief period only, attaining a height of but a millimeter or two. 
The sack then breaks and the membrane spreads out at once, early 
developing small lobes. Finally a few primary lobes are established 
and these develop numerous secondary lobes. The growth on the 
whole margin greatly exceeds that of the interior, which results in 
the production of a great number of folds, making the margin very 
much crisped. In the thickn(?ss of the frond and shape of the cells 
M, areolatum closely approximates M, zostericola Tilden. The cells 
of the latter an^, however, more angular and more closely placed, and 
the frond is not divided into areolae. There is a marked diflFerence 
in the size of these two species as well as in their method of develop- 
ment. M. zostericola is diminutive, remains saccate for some time, 
and then splits longitudinally, forming several lobes broadening out- 
ward. M. areolatum very closely resembles the genus Prasiola in the 
grouping of the cells as seen in surface view. 


5. Monostroma quatemarium (Kuetz.) Desmaz. 

Frond at first attached, soon becoming free, soft and delicate, 
irregularly lobed and folded, 20-23/jt thick; cells rounded, when 
actively dividing set closely in threes and fours within the mother cell 
wall ; in cross section semicircular or oval, 15-17/* high. 

Floating in brackish and in fresh water. Washington to southern 
Califoniia. 
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Desmazieres, Plantes Crypt, de France, 3 Ser., no. 603, 1859; 
Collins, Gi^en Alg. N. A., 1909, p. 212; Setchell and Gardner, Alg. 
N.W. Amer., 1903, p. 207. Viva quatermria Kuetzing, Tab. Phye., 
vol. 6, 1856, p. 6, pi. 13, f. 2. 

Monostronui quaternarium resembles M. latmimum in habit and 
habitat. Both are usually found in either brackish or fresh water 
and arc not strictly marine. Both are usually fouiid floating and 
are more or less indefinitely expanded. In M. quaternarium the cells 
are rounded, segregated in small groups of three or four in surface 
view, while in M, kitissimum the cells arc angular and clovsely placed, 
although at times appearing somewhat grouped. It is by no means 
a certain matter to place some specimens definitely in one species 
or the other. Such a case is i)resented by no. 218 of Farlow, Anderson 
and Platon’s Algae Americae Borealis Plxsiccatae, collected near Santa 
Cruz, California, probably in an (‘stuary. 


6. Monostroma latissimum (Kuelz.) Wittr. 

PVond a:t first attached, afterwards floating; thin and soft, glossy, 
of irregular shape, more or less plicate near the even or undulate 
margin; membrane 20-25/u, thick, cells 4-6 cornered or roundish, 
closely set, without order or more or less distinctly in twos, threes and 
fours; in cross section vertically oval or nearly circular, 14-18/Lt high. 

Attached to various objects in the lower littoral belt when young, 
but soon becoming free and floating in quiet waters, salt marshes, 
ditches, etc. Washington to central California. 

Wittrock, Monostr., 1866, p. 33, pi. 1, f. 4; Collins, Green Alg. 
N. A., 1909, p. 211; Setchell and Gardner, Alg. N.W. Amer., 1903, 
p. 207. Viva latissima Kuetzing, Phyc. Gen., 1843, p. 296, pi. 20, f. 4. 

As stated under the preceding species, Momstrotna latissimum is 
usually to be found floating in shallow warmer waters, either brackish 
or fresh, seldom, if ever, in true marine localities. It is to be dis- 
tinguished from the last [M. quaternarium) by the appearance of 
the cells both in surface view and in section as indicated in the 
descriptions. 

The propriety of adopting the specific name latissimum for this 
species may be questioned. It seems to be the Viva latissima of Kuetz- 
ing, but probably not the Viva latissima of Linnaeus. We are not in 
a position to discuss this question, and simply follow later usage. 
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7. Monostroma orbiculatum Thur. 

Frond membranaceous, attached by fibrils, or later free ; soft and 
flaccid, sub-orbicular or irregular in outline, often radially plicate, 
with undulate margin, 30-40/i thick; cells angular, varying much in 
size and arrangement, often irregularly elongate, closely set, but with 
chromatophore not occupying the whole cell ; in cross section vertically 
oval, 25-30/4 high. 

In brackish water attached to various objects in ditches of salt 
marshes. Central California. 

Thuret, Note sur la Syn. Ulv., 1854, p. 388; Collins, Green AJlg- 
N. A., 1909, p. 212; Wittrock, Monostr., 1866, p. 39, pi. 2, f. 6. 

The present species resembles very closely the preceding and is, 
in fact, to be distinguished from it chiefly by its greater thickness. It 
may be a question as to whether it ought to be united with Monostronia 
latissimum or not. So far as our experience goes, however, the M. 
latissimum plants arc definitely not over 25/i in thickness, and those 
of M. orbiculatum seldom less than 35/4. This seems to indicate suf- 
ficient difference for keeping them distinct. 

8. Monostroma fuscum (Post, and Rupr.) Wittr. 

Frond membranaceous, at first tubular, soon splitting, dull green, 
more or less lobed but not divided to the base; membrane 20-35/4 
thick ; cells 4-6 angled, very closely set, in cross section quadrate, with 
only slightly rounded corners, occupying nearly the entire thickness 
of the frond. 

On stones in the middle littoral belt, and floating in salt marshes. 
From Alaska to Puget Sound. 

Wittrock, Monostr., 1866, p. 53, pi. 4, f. 13; Collins, Green Alg. 
N. A., 1909, p. 213; Saunders, Alg. Harriman Exp., 1901, p. 409; 
Setchell and Gardner, Alg. N.W. Amer., 1903, p. 208. Viva fvsea 
Post, and Rupr., lllust. Alg., 1840, p. 21. Ulva Lactuca var. rigida 
Setchell and Gardner, Alg, N.W. Amer., 1903, p. 209 (in part). 

Monostroma fuscum var. splendens (Rupr.) Rosenv. 

Frond deep green, glossy, 50-55/4 thick, more deeply parted than 
in the other forms; cells similar to those of var. Blyttii or more 
rounded. 

From Alaska to Vancouver Island. 
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Collins, Ulvaceae of N. A., 1903, p. 12, Green Alg. N. A., 1909, 
p. 213; Setchell and Gardner, Alg. N.W. Amer., 1903, p. 209; Collins, 
Holden and Setchell, Phyc. Bor.- Amer. (Exsicc.), no. 911. Mono- 
stroma splendms Wittrock, Monostr., 1866, p. 50, pi. 3, f. 12; Setchell, 
Alg. Prib., 1899, p. 591. Viva spleiidens Ruprccht, Tange Och., 1851, 
p. 410. 


Monostroma fuscum var. Blyttii (Arosch.) Collins 

Frond deep green, blackish in drying, 60-70/* thick; cells ‘‘palisade- 
form” in cross section. 

Growing in tide pools and on pebbles in the snblittoral belt. Van- 
couver Island and Washington. 

Collins, Ulvaceae of N. A., 1903, p. 12, Green Alg. N. A., 1909, 
p. 213. Manostroma Bhjitii Wittrock, Monostr., 1866, p. 49, pi. 3, 
f. 11. Uha Blyttii Aresch., in Fries, Sum. Veg. Scand., 1846, p. 129. 

We are puzzled, when it comes to the discussion of Monostroma 
fnscum, whether to treat of it as a species or as a group of species. 
The typical Monostroma fuscum is comparatively thin (20-25/x accord- 
ing to WittrfKik, 1866, p. 53), turning only a light brown on drying 
instead of black, and wdth cells quadrate or only slightly vertically 
elongated in cross section. The var. splntdcns is a thiekcT plant (49- 
53/* according to Wittrock, 1866, p. 51), turning black, adhering even 
less well to paper than the typical form and with cells v<»rtieally much 
elongated in cross section. The var. Blyttii differs from var. splcndens 
chiefly in being thicker (65-72/* according to Wittrock, 1866, p. 49), 
but is otherwise essentially the same. 

Rosenvinge (1893, p. 940, 1894, p. 146), relying upon the obser- 
vations of Kleen (1874, p. 42), reduces the three spi?ci(*s of Wittrock 
to two varieties of one, viz., var. typica and var splendcns of Mono- 
strama fuscum. The arrangement of Rosenvinge has b<H*n generally 
followed and we feel that we can not do better than adopt the general 
opinion. We have, however, followed Collins (1909, p. 213) in retain- 
ing the varieties (or forms of splendens and Blyttii as well as the 
typical form. The typical form is perhaps a younger or less developed 
form and seems more distinct from both var. splendens and var. 
Blyttii, than they do from one another. We may expect any, or all, 
of the three forms anywhere along the coast from the Bering Sea to 
the Puget Sound region. 

We have had no opportunity of observing the earlier stages of 
growth of any of the forms of this species, but Postels and Ruprecht 
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(1840, p. 21) describe the young specimens as provided with a short 
stipe, and Rosenvinge (1893, p. 942, f. 48, 1894, p. 148, f. 48) con- 
firms this and adds figures of the young plants with stipes which 
remain tubular. No. 387 of Tilden’s American Algae is, in our copy 
at least, a light colored plant, provided with a distinct tubular stipe 
about 3 cm. long and 3-4 mm. in diameter (in pressed specimen). 
This specimen previously referred by us to Viva Lactuca var. rigida 
(cf. Setchell and Gardner, 1903, p. 210), has the structure, although 
not the exact color, of Monostroma fuscum, 

Rosenvinge (1893, p. 942, f. 17 C, D, 1894, p. 147, f. 17 C, D) calls 
attention to the fact that each cell in this species contains two chro- 
matophores, one at each end, and Jonsson (1904, p. 631) emphasizes 
this as characteristic of this species in distinction from all other 
species of Monosiroma. Collins (1909, p. 25), however, finds only one 
chromatophorc in fresh material of ilf. fusciim from Revere Beach, 
Massachusetts, and also calls attention to Wittrock's figure (1866, 
pi. 3, f. 11) which he says shows a perfectly uniform chromatophorc 
(juite like that of th(^ Revere Beach plant.’’ We have seen what 
appear to be two distinct chromatophores in some of our specimens 
of vari(itit^s splcndens and Blyttii where the cells are much elongated 
vertically, but have failed to find them in plants seemingly to be more 
of the type of the species. 

19. Enteromorpha Link 

Frond persistently tubular, usually slender, but often ample, 
simple, proliferous or branched, its wall consisting of a single layer 
of cells, commonly, but not always, arranged parenchymatously ; all 
the cells of the membrane, except the very lowest, capable of produc- 
ing zoospores or gametes, which are discharged through an opening 
in the outer cell wall. 

Link, Epistola, 1820, p. 5. 

The name Enteromorpha has been for so many years practically 
agrei*d upon among writers as the name for this genus that there is 
little need, perhaps, for anticipating any change. The only name 
which seems strictly and definitely to antedate it is that of Tubvlaria 
of Roussel (Flore du Calvados, ed. II, 1806) which is said to have 
been founded upon Viva inteMtwlis (cf. Desvaux, Joum. Bot., 1813, 
p. 144). It is not possible for us to verify this reference at present 
and we follow the weight of authority in retaining Enteromorpha for 
the accepted generic name. 
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Enteromorpha is a genus of the Ulvales characterized by its tubular 
frond which is usually narrow, although much dilated at times in 
the case of certain varieties of Enteramorpha intestlnalis. The species 
are usually branched, although some are normally simple or, at times, 
proliferous. This definition or characterization leads us to exclude 
E. percursa and its allies, E. aureola and its allies, aiul E, Luiza, the 
two former being referred each to its own genus, viz., Perenrsaria and 
Capsosiphon respectively, and the last to the genus TJlvau The par- 
ticular reasons for thus excluding from the genus Enteromorpha 
plants heretofore commonly referred to it will be given under the 
respective genera or species, whih* the general reason is that Entero- 
morpha thus reduced is more readily defined and apparently more 
natural. In addition to these changes, we have added to the genus 
Enieronuyrpha the si)eeies commonly known as Monostrmna groen- 
landicue because in detail of habit, at least, it is vcTy much closer 
to Enteromorpha than to Monostroma and not so very diverse from 
some speci(*s of Enteromorpha evc*n in strueture. 

The more characteristic species of Entcronurrpha have the cells 
arranged closely s(‘t, and parenchymatous in appearanct*, but certain 
species show, at times, the cells separated considerably from one 
another by an intercellular j(*lly and this condition is normal in 
E, groenlandica, which, for this reason, usually hks been placed under 
the genus Monostroma. TJie cells are arranged in longitudinal rows 
in many species. Some sp'^cies show a continuance of this arrange- 
ment even on into the adult condition, while others soon lose it. The 
chromatophore generally fills the cell as seen in surface view, but in 
a few species it occupies only a small portion of the surface of the cell. 

Much is to be determined in Enteromorpha, as is also the cas(» in 
Monostroma and Viva, from the thickness, shape and proportions of 
the cells, and the disposition of the enclosing intercellular substance 
in cross sections of the membrane. Such sections also show the degree 
of compression of the frond and whether the walls are completely 
separated from one another or not. 

In branching there is great variation, not only in the genus, but 
within many of the species. It has seemed best, nevertheless, to 
consider the method of branching as one of the chief characters in 
separating the species. 

The species of Enteromorpha present •difficulties which have not 
yet been entirely overcome. The habit is of importance, but varies 
considerably either under environmental changes or with age in such 
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a fashion as to be insufScient in itself for diagnosis. The anatomical 
characters, on the other hand, seem to be more reliable, but, of them- 
selves, present difficulties and seeming abnormalities or departure from 
type. Very few of the older species have been carefully described 
anew from the type specimens, so that uncertainty holds in many 
cases as to the exact application of specific names. Different writers, 
also, differ decidedly as to their views of specific limits and groupings 
of forms, so that a student of this group finds much variance of 
opinion, and consequent resulting confusion. 

. We have followed the accounts of Collins (1903 and 1909, p. 195 
et seq,) very largely, but with due attention to the revision of J. G. 
Agardh (1883, p. 115 et seq.) and the critical remarks of Reinbold 
(1889, p. 113 et seq.)y Borgesen (1902, p. 487 et seq.), Jonsson (1903, 
p. 343 ei seq.) and Kylin (1907, p. 4 et seq.). Very considerable 
assistance has been obtained also from the earlier monograph of the 
group by Ahliier (1877) especially as interpreted by el. G. Agardh. 
Study has been made of the living plant so far as possible, and dried 
specimens have been boiled in water before examination to restore cell 
outlines and chromatophores. This method of preparation has given 
very satisfactory results, the dried specimens swelling up and assum- 
ing a form and structure closely approximating that of the living 
material. Even th^ chromatophores are fairly well restored to size, 
shape and position. 

The species of Enteromorpha inhabit brackish water and strictly 
fresh water as well as strictly salt water and that which passes for 
the same species may be found in all three. The amount of salinity 
of the water may, seemingly at least, have very different effects par- 
ticularly upon the branching and the thickness of the membrane. 
Careful cultures, however, are needed to establish this fact clearly and 
convincingly. It may be stated that the culture of various species 
and forms of the different species of Enteromorpha is very necessary 
before a definite basis for many of the distinctions now employed may 
be assured. 

The species of Enteromorpha are probably more nearly “cosmo- 
politan** than those of any other genus of marine algae, although 
the term cosmopolitan can not, in all probability, be used in the 
strictest sense, even in connection with them. The ranges of the 
different species along our*westem coast of North America are more 
extensive than those of the species of most other genera. This is to 
be explained, we think, by the fact that the species of Enteromorpha 



1920] 


Setchell-Oardner: Chlorophyceac 


247 


are of rapid development and early maturity, so that their effective 
season of growth may be short, and on the basis of their being, for the 
most part, essentially tropical or subtropical species. Such warm 
water species of rapid development may extend into zones of colder 
surface waters by growing in the upper littoral belt where they may 
take advantage of the temperatures of the air, or by inhabiting 
shallow pools or lagoons the temperature of which is raised by the 
influence of the atmosphere and sunlight. 

Key to the Species 

1. Cells separated, often widely from one another, seldom ])arcnchymatous, un- 

branched 1. E. groenlandica (p. 248) 

1. Cells usually distinctly parenchymatous, simple or more usually branched 2 

2. Cells not arranged in longitudinal rows except, at times, in very youngest 

parts 8 

2. Cells aitanged in longitudinal rows in the greater |)ortion of the frond.... 7 

3. Frond h more or less plentiful branches 4 

3. Frond simple or with few proliferations 5 

3. Frond beset w'ith mostly simple, stout, spinelike branchlets 

6. E. acanthophora (p. 254) 

4. Frond flattened, branching from the margins 

2a. E. micrococca forma subsalsa (p. 249) 

4. Frond tubular compressed, branches contracted at the base, becoming 

broader above 4. E. compressa (p. 251) 

5. Cells 10-16/11 diam., fronds usually inflated and constricted, often of large size. .. . 

5. E. intestinaiia (p. 252) 

5. Cells 4-8/x diam., fronds usually short 6 

6. Membrane S-lO/tt thick, cells 5-7/i diam 3. E. minima (p. 250) 

6. Membrane 15-20 a( thick, cells 4--.5 /lc diam 2. E. micrococca (p. 249) 

7. Frond simple, inflated and flexuous 8. E. flezuosa (p. 255) 

7. Frond simple or with occasional proliferations, not inflated 8 

7. Frond regularly branched 10 

8. Frond narrowly linear, strongly comprcs.sed 10. E. marginata (p. 257) 

8. Frond filiform, capillary or tubular 9 

9. Frond capillary of few longitudinal rows of cells 12. E. torta (p. 258) 

9. Frond coarse, plainly tubular, of numerous longitudinal rows of cells 

9. E. tubulosa (p. 256) 

10. Frond beset with numerous thorn-like branches 

11. E. salina var. polyclados (p. 257) 

10. Frond proliferous, branches similar to main axes . .7. E. prolifera fp. 254) 


10. Branches of successive orders, tapering from base to apex 11 

11. Chromatophores filling the cell 12 

11. Chromatophores not filling the cell 13 

12. Ultimate ramuli and branch tips of a single series of cells 


13. E. crinita (p. 258) 

12. Ultimate ramuli and branch tips of more than one series of cells 

14. E. erecta (p. 259) 

13. Ultimate ramuli and branch tips of a single series of cells. . 15. E. plnmoaa (p. 259) 

13. Ultimate ramuli and branch tips of more than one series of cells 

16. E. dafhrata (p. 260) 
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1. Enteromorpha groenlandica (J. Ag.) S. and G. 

Frond filiform, tubular, cylindrical, up to 15 cm. long, from a very 
slender base expanding to 1 mm. diameter; apex broken only at exit 
of spores ; cells in the lower part loosely arranged in twos and fours, 
roundish angular; cells in the upper part more evenly distributed, 
more or less loosely set; in cross section the membrane 25--35/Lt thick; 
the cells radially elongate, 2-4 times as long as broad ; in the younger 
parts the ccuitral cavity filled with a gelatinous substance which dis- 
appears as the plant becomes older; spores or gametes forming first 
at the summit of the frond, and developing successively in lower cells. 

On small boulders in the middle littoral belt. Alaska (Bay of 
Unalaska and Kukak Bay). 

Setcholl and Gardner, Phyc. Cont. I, 1920, p. 280. Monostroma 
groetilandicum J. Agardh, Till Alg. Syst., part III, 1883, p. 107, pi. 3, 
f. 80-83; Collins, Green Alg. N. A., 1909, p. 208; Baunders, Alg. TTar- 
riman Exp., 1901, p. 410; Setchell and Gardner, Alg. N.W. Amer., 
1903, p. 208. 

Enteromorpha groenlandica has always bi‘en puzzling as to its 
proper placing. While technically it may seem to belong to the genus 
Monostroma, under which it was originally described, more properly 
than to any other genus of the Ulvaceae, yet its slender, filiform habit 
certainly more closely resembles that of some species of Enteromorpha, 
From Enteromorpha, however, it differs in not having its cells set 
sufficiently closc^ly toge‘ther to be parenchymatous in appearance. It 
is at first solid, becoming hollow only late, but never rupturing longi- 
tudinally and op<*ning out into a membrane as do the characteristic 
species of Monostroma, Certain species of Eniermnorpha show a 
tendency towards abundance of intercellular jelly at times, while 
certain species of Manostroma are parenchymatous. It seems best 
to us, therefore, to transfer this species to Enteromorpha, 

The plants of the North Pacific Ocean, as Collins (1909, p. 209) 
states, have decidedly smaller cells than those of the North Atlantic, 
measuring S-lO^n in diameter, as against 12-16/a as seen superficially. 
It seems, therefore, to constitute a different form. 

The species is a summer plant of the Upper Boreal Zone, invading 
the Lower Boreal and North Temperate Zones only as a short-lived 
plant of the springtime when the waters are colder than in the summer. 
This intrusion happens, so far as we have evidence, only on the eastern 
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coasts of North America where the Massachusetts coast experiences a 
much colder winter and spring season than do western coasts of North 
America of the same zones. On the Pacific Coast, so far as our knowl- 
edge goes, the species is confined to the Bering Sea and adjacent por- 
tions of the Alaskan Peninsula where the summer temperature of the 
surface waters seldom, if ever, rises above 10° C. 


2. Enteromorpha micrococca Kuet/. 

Frond 1-5 cm. long, 1-5 mm. wide, tubular or compn'ssed, simple 
or slightly proliferous at times, much cMirled and twisted ; cells angular, 
4-5 /a diam., in no definite ord(T; membrane 15-20/1 thick, with distinct 
inner hyaline laj^er. 

Growi' g in the upper littoral belt, on rocks and on woodwork. 
From Ahiska (Dutch Harbor) to Mexico {fUIr Collins, loc, cit.). 

Kuetzing, Tab. Pliyc., vol. 6, 1856, p. 11, pi. 30, f. 2; (k)llins, Grei'ii 
Alg. N. A., 1909, p. 204; Setchell and Gardner, Alg. N.W. Amer., 1903, 
p. 211; Saunders, Alg. ITarriman Exp., 1901, p. 411. 


2a. Enteromorpha micrococca forma subsalsa Kjellm. 

Plate ir>, fig. 1 

Frond compressed, mucii contorted, w^ith numerous, patent or 
uncinate, shorter or longer branches from the margin, the latter again 
branched, all broad at the base and tapering to a point. 

Growing on stones in tlic littoral belt. Alaska (Skagway) to Wash- 
ington (Puget Sound). 

Kjellman, Alg. Arctic Sea, 1883, p. 292, pi. 31, f. 1-3; Collins, 
Green Alg. N. A., 1909, p. 204, Mar. Alg. Vancouver Is., 1913, p. 102; 
Sctehell and Gardner, Alg. N.W. Amer., 1903, p. 211 ; Collins, Holden 
and Setchell, Phyc. Bor. -Amer. (Exsicc.), no. 1068 (fresh water). 
Entcrmiwrpha minima Setchell and Gardner, Alg. N.W. Am(*r., 1903, 
p. 213 (in part) ; Collins, Holden and Setchell, Phyc. Bor.-Ainer. 
(Exsicc.), no. 912. 

Enteromorpha micrococca is, in typical form, a low plant forming 
a layer on rocks and woodwork high up in the littoral belt. It is to 
be distinguished by its small cells, not arranged in longitudinal rows, 
and its thicker membrane which is reinforced by a hyaline layer on 
the inside. In its ordinary marine habitat, it seldom shows any 
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tendency towards branching, but plants agreeing with it in anatomical 
characters, but growing in brackish or fresh waters, branch abundantly 
from the margins, the branches tapering at the tips and being usually 
curved. Such plants are referred under the forma suhsalsa. This 
variety occurs at times, especially in fresh water, up to 10 cm. or more 
long. The var. bullosa which Collins distributed under no. 1067 of 
the Phycotheca Boreali-Americana seems to dilfer decidedly from 
Enteromorpha micrococca in the size and shape of the cells and 
approaches more nearly E. intestinalis in structure. This variety is 
known, thus far> only from fresh water (San Leandro, California) 
and does not strictly come under our consideration. 


3. Enteromorpha minima Naeg. 

Frond 1-10 cm. long, 1-5 mm. broad, simple or slightly proliferous, 
dilated or collapsing, soft and delicate, cells angular, 5-7/* diain., 
arranged in no definite order; membrane 8-10/* thick, equally thick- 
ened on both surfaces. 

Growing on stones and on wood in uppermost littoral bolt. 

From Alaska (Unalaska) to Mexico. 

Naegeli, in Kuetzing, Sp. Alg., 1849, p. 482, Tab. Phyc., vol. 6, 
1856, p. 16, pi. 43, f. i-m; Collins, Green Alg. N. A., 1909, p. 201, Mar. 
Alg. Vancouver Is., 1913, p. 102; Setchell and Gardner, Alg. N.W. 
Anier., 1903, p. 213. 

Ent(Tomorpha minima resembles E. compressa but is, in normal 
form, less likely to show any branching, is more commonly dilated, 
and of sofU^r and more delicate texture. The cells are also slightly 
smaller in surface view. From E, micrococca, this species is to be 
distinguished by the larger cells and thinner membrane which is sel- 
dom noticeably thickened on the inside, although Kuetzing (1856, 
pi. 43, f. m) so represents it. Enteronwrpha minima resembles E. 
micrococca rather than E, compressa in size, but is found in typical 
form up to 10 cm. high. In fresh water forms attributed to this species 
we find plants up to 20 cm. long and sometimes with the cells decidedly 
separated from one another as in Monmtroma. In a form from drip- 
ping rocks above high water mark on San Juan Island, Washington, 
distributed under no. 912 of the Phycotheca Boreali-Americana, the 
plants are large and the cells small, with the membrane thickened on 
the inside. This seems to approach very closely to E, micrococca. 
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4. Enteromorpha compressa (L.) Grev. 

Plato 14, figs. 7, 8; plate 16, fig. 3 

Frond tubular, more or less compressed, sometimes constricted, 
varjungr much in dimensions; branches usually simple, cylindrical or 
expanding above, in either case narrowed at the base, similar in appear- 
ance to the main axis; cells in no definite order; membrane rather thin. 

Growing in tlie middle and lower littoral belts. From Alaska 
(Bering Sea) to Mexico (Magdalena Bay). 

Greville, Alg. Brit., 1830, p. 180, pi. 18; Collins, Green Alg. N. A., 
1909, p. 201, Mar. Alg. Vancouver Is., 1913, p. 101; Setchell and 
Gardner, Alg. N. VV. Amer., 1903, p. 213. Enteromorpha prolifera 
Setchell and Gardner, Alg. N.W. Amer., 1903, p. 221 (as to no. 5687 
only). Enteromorpha fascia Postels and Ruprecht, Illust. Alg.. 1840, 
p. 21; Sc ^ hell and Gardner, Alg. N.W. Amer., 1903, p. 211; Collins, 
Green Alg. N. A., 1909, p. 204. Ulva compressa Linnaeus, FI. Suec., 
Ed. II, 1755, p. 433. 

We have followed the opinion of J. G. Agardh (1883, p. 137) as 
to the nature and limits of Enteromorpha compressa. The habit of 
typical plants is well illustrated in our figures (plate 14, figs. 7, 8, and 
plate 16, fig. 3) . The branches may arise from the very base or at differ- 
ent heights along the axis. They are uniformly constricted at the base 
and usually expanded to a roundc'd tip. The broader portions of the 
frond are almost always flattened and the layers may be very imper- 
fectly separated. Si'ctions of such imperfectly tubular fronds often 
bear a striking resemblance to those of Ulva> Lmza, especially when 
separation is present only on the margins as may happen in spots. 

The differences between Enteromorpha compressa and E. minima 
have already been noticed under the latter species. The resemblance 
to narrow forms of Viva Lima is sometimes puzzling, espcKjially in 
unbranched specimens (var. suhsimplex J. Ag.) or in specimens only 
slightly branched. 

We refer under Enteromorpha compressa the E. fascia of Postels 
and Ruprecht (1840, p. 21) since the habit (plate 16, fig. 3) is the 
same and the size and shape of the cells, both in surface view and in 
cross section, are identical. The cell contents, however, in the type 
specimens of E, fascia are disorganized in such a way as to seem 
almost as if there were groups of small cells within the larger (mes. 
The color of the type specimens is also somewhat brownish. We 
ascribe this as well as the peculiar appearance of the cell contents to 
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some abnormal state or unusual treatment of the specimens. The type 
specimens of E, fascia, as they were found in the Imperial Academy 
of St. Petersburg in 1903, were labelled as having been collected by 
the Luetke Expedition in Kamtschatka. 

Of specimens distributed from our coast we find in our copy of 
the American Algae that Tilden ’s no. 265, under the name of E. com- 
pressa var. complanata is E. crinita and no. 264, under the name of 
E. compressa var. subsimplex is E. plumosa. 

Most of the specimens available to us for examination are close to 
the typical form of E, compressa but certain plants collected by one 
of us (Gardner) at Coos Bay, Oregon, seem referable rather to var. 
subsimplex J. Ag. (1883, p. 137). 

5. Enteromorpha intestinalis (L.) Link 

Frond simple or having at the base a few branches similar to the 
main frond, or occasionally a few proliferations above ; length varying 
from a few centimeters to several meters ; diameter from 1-10 cm. ; at 
first attached by a short cylindrical stipe, but often later detached and 
floating; cylindrical or expanding above, more or less inflated, often 
much crisped and contorted, and irregularly and strongly constricted ; 
cells 10-16fi diam., in no regular order; thickness of membrane vary- 
ing from 50/a below to 20/a above, generally thickened on the inside; 
cells in cross section from 12-30/a. 

Common in its various forms from Alaska (Kukak Bay) to Mexico 
(La Paz). 

Link, Epistola, 1820, p. 5 ; J. Agardh, Till Alg. Syst., part 3, 1883, 
p. 131; Collins, Green Alg. N. A., 1909, p. 204, Mar. Alg. Vaneouver 
Is., 1913, p. 102; Setchell and Gardner, Alg. N.W. Amer., 1903, p. 212; 
Saunders, Alg. llarrimaii Exp., 1901, p. 411. Ulva intestinalis Lin- 
naeus, Flo. Suec., Ed. II, 1755, p. 418. 

Howe (1911, p. 490) has referred doubtfully a plant from La Paz, 
Mexico, to this species. 

The following forms have been detected on our coast : 

Forma cylindracea J. Ag. 

Frond long and slender, of uniform diameter; usually floating 
unattached. 

J. Agardh, Till Alg. Syst., part 3, 1883, p. 131 ; Collins, Green Alg. 
N. A., 1909, p. 205; Mar. Alg. Vancouver Is., 1913, p. 102; Saundem, 
Alg. Ilarriman Exp., 1901, p. 411; Setchell and Gardner, Alg. N.W. 
Amer., 1903, p. 212. 
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Forma maxima J. Ag. 

Frond large, up to 4 cm. diam., inflated and bullate, producing 
small, scattered branches. 

J. Agardh, Till Alg. Syst., part 3, 1883, p. 132 ; Collins, Green Alg. 
N. A., 1909, p. 205, Mar. Alg. Vancouver Is., 1913, p. 102; Saunders, 
Alg. Ilarriman Exp., 1901, p. 411; Setchell and Gardner, Alg. N.W. 
Amer., 1903, p. 212; Collins, Holden and Setchell, Phyc. Bor.-Amcr. 
(Exsicc.), no. 1182. 


Forma clavata J. Ag. 

Frond always attached, filiform below, (enlarging more or h'ss 
abruptly upwards, open at the upper end, 1-5 cm. wide, 1-5 dm. long. 

J. Agardh, Till Alg. Syst., part 3, 1883, p. 131 ; Collins, Green Alg. 
N. A., 1909 p. 205, Mar. Alg. Vaneouver Is., 1913, p. 102. Entero- 
morpha intcsti n-alis f. gvnuinn Ilauck, Meeresalg., 1885, p. 42(> ; Setclu*!! 
and Gardner, Alg. N.W. Amer., 1903, p. 212; Tilden, Amer. Alg. 
(Exsicc.), no. 2G3. 

There appears to be no authenticated tyi)e specimen of the Viva 
infest in^ilis of Linnaeus in existence (cf. Jackson, H. I)., 1912, p, 147), 
so that we must follow general tradition as to the nature of this 
speci(*s. As g(merally agreed upon, it possesses a tubular frond usually 
inflated, of varying length and diameter, often twisted or constricted, 
usually branched from a slender base, occasionally slightly proliferous 
above, and with the rather large, angular or slightly elongated cells 
not arranged in longitudinal rows, at least not in the adult frond. 
Under this conception are arranged many and seemingly diverse 
forms both as to shape and size. The most slender plants of f. cylin- 
dracea, e.g., iimy not be much over 1 or 2 mm. in greatest diameter, 
while the largest of f. maxima, on the contrary, may be 10 cm. through. 
Ill regard to amount of inflation, smoothness or rugosit}’^ of surfaex*, 
constriction or lack of it, and even of thickness or thinness of the 
membrane itself, there is much difference between specimens seemingly 
correctly referred to Enterumorpha mtestinalis. What tlu^so very 
diverse forms indicate needs cultural experimentation to demonstrate. 
At present, we assume an identical genetic constitution for all and hold 
the varying environmental conditions responsible for transformations 
of form. This method is very unsatisfactory, but it is the best that 
can be done at present. Even with the wide range of characters we 
have given to the species, we have, nevertheless, followed the more 
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restricted point of view rather than the more ample conception. The 
form names appended to the species, as given above, are simply for 
the purpose of giving some idea of the amplitude of variation of the 
species even as most narrowly delimited. 


6. Enteromorpha acanthophora Kuetz. 

Frond more or less proliferously branched, the branches usually 
constricted at the base, beset with numerous short, spinelike ramuli, 
with somewhat narrowed base and acute tip; cells 11-13/a diam., 
angular, showing no longitudinal arrangement except indistinctly at 
the tips of the ramuli and in the spinelike branchlets. 

Guaymas, Mexico. 

Kuetzing, Sp. Alg., 1849, p. 479, Tab. Phyc., vol. 6, 1856, pi. 34, 
f. 1; Collins, Green Alg. N. A., 1909, p. 200 (in part). 

The figure and description of Kuetzing (1849, p. 479 and 1856, 
pi. 34, f. 1) provide our chief knowledge of this species, the type 
specimens of which are from New Zealand. We have not seen the 
type but have studied New Zealand specimens which seem to belong 
here. We are encouraged to refer to this species, although doubtfully, 
specimens collected by T. S. Brandcgee at Guaymas, Mexico, which 
have a general resemblance to Enteromorpha intcstinalis, but which 
are beset with short, spinelike branches. We do not think that no. 515 
of the Phycothcca Boreal i- Americana, a plant of fresh water, is prop- 
erly to be referred to E. acanthophora. Its membrane is too thin 
(about 13/1, instead of 30-45/a) and its cells (4-5/a diam., instead of 
10-13/a) and cross section, as well as its branching more closely, 
resemble those of E. micrococca f. subsalsa^ although not strictly in 
agreement with them. 


7. Enteromorpha prolifera (Muell.) J. Ag. 

Frond up to several meters long and 2 cm. diam., tubular or com- 
pressed, with more or less abundant proliferous branches, which are 
usually simple, but sometimes also proliferous ; branches varying, much 
in length and diameter ; cells 10-12/a in diameter, in the younger parts 
always arranged in longitudinal series, which become somewhat less 
distinct in the older parts ; membrane 15-18/a thick, not much exceed- 
ing the dimensions of the cells in cross section. 



1920] 


Seichellr-Oardncr: Chlorophyceae 


255 


Growing on sticks and stones, sometimes floating, in quiet waters 
and sheltered bays. From Alaska (Sitka) to central California. 

J. Agardh, Till Alg., Syst., part 3, 1883, p. 129, pi. 4, f. 103, 104; 
Collins, Green Alg, N. A., 1909, p. 202; Saunders, Alg. Ilarriman 
Exp., 1901, p. 411 ; Setchell and Gardner, Alg. N.W. Amer., 1903, 
p. 211; Collins, Holden and Setchell, Pliyc. Bor.-Amer. (Exsicc.), 
no. 913; Tilden, Amer. Alg. (Exsicc.), no. 385. liva prolifera 
Mueller, in PI. Dan., vol. 5, fasc. 13, 1778, pi. 763, f. 1. 

We must necessarily adopt the idea of J. G. Agardh as to the 
nature and limits of Enteromorpha prolifera, but neither he, nor any 
other writer, as far as wo know, has examined the type. The illustra- 
tion in the Flora Danica {loc, cit.) simply shows the habit and might 
represent eitluu* this species or some form of E, mieftit nails. The 
fronds of forms of E nteromorphAi prolifera resemble those of forms 
of E. intf stinaJis in habit, but are generally more proliferous. They 
vary from those of E. iniesihialis in having slightly smaller c»41s, but 
differ particularly in having the cells arranged in longitudinal rows 
in the lower portions, at least, and in the branches. In size and shape, 
as well as in extent and variety of branching, there is great variation. 

EntcromJorpha prolifera also n'sembles E, cmnpressa at times, when 
the tube is collapsed, but may generally be distinguished from that 
species by the longitudinal arrangement of cells in the branches. It 
is closely related to E, tiihidosa and E, flexmsa, but in these species 
the cells are more regularly and uniformly arranged in longitudinal 
rows than they arc in E, prolifera. Enteromorpha tuhulma is more 
or less branched and the membrain^ is not thickened within, while 
E. flexuosa is typically unbranched and with the membrane inwardly 
thickened. E. prolifera may be simple at first, but is usually branch(‘d 
later and is destitute of a thickening of the inner surface of the 
membrane. 


8. Enteromorpha flexuosa (Wulf.) J. Ag. 

Frond cylindrical, tubular, simple, tapering to a filiform stipe 
below, inflated above, flexuous and intestine-like; cells 8-12/li long, 
6-8/i wide, roundish polygonal, in longitudinal series; membrane 
somewhat thickened on the inside; chromatophore filling the thick- 
walled cell. 

Growing on '^•ocks and on other plants. Santa Barbara, California. 
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J. Agardh, Till Alg. Syst., part 3, 1883, p. 126 ; Collins, Green Alg. 
N. A., 1909, p. 203. Conferva flexuosa Wulf., in Roth, Cat. Bot., II, 

1800, p. 188. 

J. G. Agardh {loc. cit.) is responsible for separating this species 
from among the forms previously referred to E. intestinalis. No 
recent examination of the type is reported. As taken by J. G. Agardh 
it seems to be a simple, more or less slender tube with the cells 
arranged in longitudinal rows and with the membrane somewhat 
thickened on the inside. It is generally regarded as being an inhab- 
itant of warmer waters (cf. J. G. Agardh, 1883, p. 127, and Collins, 
1909, p. 203). We have not seen it on our coast, but J. G. Agardh 
credits to this species a specimen collected by Mrs. Bingham at Santa 
Barbara, California, 


9. Enteromorpha tubulosa Kuetz. 

Plate 14, figs. 4, 5 

Frond simple or with short proliferations, usually near the base, 
but with occasional longer proliferations some distance above the 
base, tubular and nearly cylindrical throughout, or enlarging upward 
from a delicate cylindrical stipe and becoming compressed above; 
cells squarish, 11-15/x diam., arranged in longitudinal series through- 
out, h’ss distinctly so in the upper mature parts; membrane 15-24/a 
diam., walls equally thickened on both sides, with cells squarish or 
slightly elongated radially, chromatophore filling the outer end of 
the cell. 

Growing attached to rocks in the lower littoral belt, or floating in 
intertwined masses in pools in salt marshes. Central California. 

Kuetzing, Tab. Phyc., 1856, p. 11, pi. 32, f. 2; Ahliier, Entero- 
morpha, 1877, p. 49, f. 9a, 9b. Enteromorpha prolifera var. tubulosa 
Collins, Green Alg. N. A., 1909, p. 203 ; Collins, Holden and Setehell, 
Phyc. Bor.-Amer. (Exsicc.), no. 462 (Key West, Florida). 

Kuetzing ’s figure of Enteromorpha tubulosa represents a simple 
plant, but J. G. Agardh (1883, p, 128) states that it branches. The 
main frond is tubular and slender, of nearly uniform diameter 
throughout. Our specimens are all branched more or less, but usually 
from near the base. The membrane may be thickened on both sides 
or not at all. There has been some difference of opinion among writers 
as to the proper relationship of this plant, but it seems best to us to 
retain it as an independent species. 
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10. Enteromorpha marginata J. Ag. 

Frond filiform, compressed, simple or with a few proliferous 
branches; cells 4-8/i diam., squarish, arranged in longitudinal series, 
very distinctly in the two or three rows at each side, less so in the 
middle portion. 

Vancoiiver Island (Departure Bay) to California. 

J. G. Agardh, Algae Med., 1842, p. 16; Collins, Green Alg. N. A., 
1909, p. 202, Mar. Alg. Vancouver Is., 1913, p. 102. 

Enteromorpha marginata is a very slender plant, usually of salt 
springs or salt marshes. It is most commonly simple and of low 
stature. It is eredit^'d to our coast by Collins {loc, cit.), but we have 
had no s])ecimens for examination. 


11. Enteromorpha salina var. polyclados Kiiet/. 

Frond small, tubular, with ot^casional branches similar to the main 
filaments, all bes<*t with short, spin<*like, patent raniuli ending in a 
single series o'f cells and varying from few in some specimens to \ery 
numerous in others; cells squarish, arranged in longitudinal series. 

Floating in tangled masses in salt-watc*r ponds. C^mtral Cali- 
fornia. 

Kuetzing, Phj^c. Germ., 1845, p. 248; Collins, Green Alg. N. A., 
1909, p. 202. Enteromorpha polyclados Kuetzing, Tab. Phyc., vol. 6, 
1856, pi. 36, II. 

We have encountei’ed floating in sun-heated pools in the salt 
marshes or in the artificially wanned water of the Key Koute Pool, 
but all in the neighborhoods of Oakland and Alameda, California, what 
seems to be the above listed variety of Entermnorpha salina. Our 
plants are slender, with few or no main branches, cells squarish and 
in distinct longitudinal rows, and beset with branchlcts consisting of 
one or two longitudinal rows of cells throughout. The main portions 
of the broader fronds sometimes show as many as twenty cells across, 
but there are only four to eight to be seen in the more usual slender 
fronds. We have referred all our plants to the variety but some show 
details of structure exactly corresponding to those of the species (cf. 
Kuetzing, 1856, pi. 36, f. I). 
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12. Enteromorpha torta (Mert.) Reinb. 

Frond small, 1--3 cm. long, filiform, simple or with occasional 
proliferations consisting of two rows of cells ; cells rectangular, always 
in longitudinal series throughout the filaments and more or less in 
cross series ; chromatophore thin, covering the greater part of the cell. 

Growing attached to rocks, in shallow pools in the upper littoral 
belt. San Diego, California. December. 

Reinbold, Rev. Jm^rgens’ Alg. aquat., 1893, p. 201 (p. 14, Repr.). 
Conferva torta Mertens, msc., in Juergens, Dec. 13, no. 6. 

We are inclined to refer here a slender plant from San Diego, 
California, collected by one of us (Gardner, no. 3574) although it 
shows no brandies in any of the samples we have examined. It agrees 
fairly closely with the unbranched plants in the specimen distributed 
by Reinbold under no. 624 of the Phykotheka Universalis. Our plant 
may possibly be a short, capillary form of E. tiihulosa, with cells more 
r(»gularly arranged in longitudinal rows. 

j3. Enteromorpha crinita (Roth) J. Ag. 

Frond filiform, cylindrical or compressed, much and repc*atedly 
branched, the branches tapering towards the tips, the smallest, as 
well as the tips of the larger, usually of a single series of (piite short 
cells; cells almost always in longitudinal series, often rounded, quite 
or nearly filled by the chromatophore. 

Growing on wood or floating in the littoral belt. From Alaska 
(Valdes) to California (San Diego). 

J. G. Agardh, Till Alg. Syst., part 3, 1883, p. 144; Collins, Green 
Alg. N. A., 1909, p. 199, Mar. Alg. Vancouver Is., 1913, p. 101; 
Saunders, Alg. Harriman Exp., 1901, p. 412; Setchell and Gardner, 
Alg. N.W. Amer., 1903, p. 214; Collins, Holden and Setchell, Phyc. 
Bor.-Amer. (Bxsicc.), no. 965. Enteromorpha compressa f, com- 
planata Tilden, Amer. Alg. (Exsicc.), no. 265 (not of J. G. Agardh). 
Enteromorpha prolifera Tilden, Amer. Alg. (Exsicc.), no. 385 (not 
of J. G. Agardh). Conferva ennita Roth, Cat. Bot., 1797, I, p. 162, 
pi. 1, f. 3. 

Enteromorpha crinita is usually a slender, much branched plant, 
with tapering branches of several orders, the tips of the branches 
ending in a single series of cells. The chromatophore, as seen in surface 
view, seems to fill the cell and thereby distinguishes this species from 
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the very similar E. plunwsa. This interpretation of E, crinita is that 
of J. G. Agardh {loc. cit.) who founds his opinion upon a speeiinen 
determined by Roth. 

14. Enteromorpha erecta (Lyng.) J. Ag. 

Frond filiform, with numerous long, usually erect branches, more 
slender than the main filament ; the ultimate ramuli of varying length, 
polysiphonous, the cells being symmetrically arranged in successive 
segments, similar to those of Polysiphonia; cells in the main axes and 
branches in longitudinal and usually in transverse series; chromato- 
phore filling the cell. 

Rare on the Pacific Coast, known only from Vancouver Island 
(Comox) and California (Santa Rosa Island). 

J. G. Agardh, Till Alg. Syst., part 3, 1883, p. 152; Collins, Green 
Alg. N. A., 1909, p. 200. Scytosiphon erectiia Lyngbye, Ilydr. Dan., 
1819, p. 65, pi. 15 C. 

Entermnorpha erecta is to be distinguished from E, crinita by 
having the tips of the branches polysiphonous instead of mono- 
siphonous (ending in a single row of cells). It is to be distinguished 
from E, plunwsa in the same way as well as by having the chromato- 
phores filling the cells. By the latter character it is also to be dis- 
tinguished from E. clathrata, 

J. G. Agardh (1883, p. 152) states that his Enteromorpha erecta 
is the same as a specimen sent out by Dillwyn under the name of 
Canferva paradoxa Dillwyn, but, since the description of Dillwyn 
seems to him to have been made from another plant and Dillwyn ’s 
figure ill drawn, he docs not adopt Dillwyn ’s specific name. It is 
impossible for us to do more than call attention to this statement, 
but it seems to us very probable that Dillwyn \s specific name may be 
the proper one to be used for this plant. 

15. Enteromorpha plumosa Kuetx. 

Frond slender, filiform or later compressed, repeatedly branched, 
branches tapering from the base and ending in a single series of cells; 
cells in longitudinal series, less distinctly so in the older parts of the 
frond, 8-lOft wide in the monosiphonous parts; chromatophore not 
filling the cell. • 

Floating in slightly brackish water. Washington (Puget Sound) 
and California (San Francisco). 
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Kuetzing, Phyc. Gen., 1843, p. 300, pi. 20, f. 1 ; Collins, Green Alg. 
N. A., 1909, p. 198. Enteratnorpha conupressa f. sub-simplex Tilden, 
Amer. Alg. (Exsicc.), no. 264 (not of J. G. Agardh). 

In Enteromorpha plunwsa, we find the counterpart of E, crinita, 
as mentioned under that species, except that the chromatophore, as 
seen from surface view, does not fill the cell. This is a character 
sometimes difficult to determine in dried specimens and may possibl}’^ 
be variable under different conditions of metabolism. Thus far it has 
been generally accepted since its suggestion by J. G. Agardh (1882, 
p. 151), but cultural experimentation to determine its constancy is 
desirable. J. G. Agardh (loc. cit.) prefers Enteromorpha Hopkirkii 
McCalla (cf. Harvey, 1849, p. 215, 1851 (t), pi. 263) for reasons 
which we can not comprehend. Kuetzing’s figure (1843, pi. 20, f. 1) 
seems to us definite and exact. 

16. Enteromorpha clathrata (Roth) Grev. 

Frond filiform, cylindrical or compressed, much branched in all 
directions, the branches tapering from base to summit, but not ending 
in a single series of cells ; cells rectangular, usually longer than broad, 
always in longitudinal series, the chromatophore noticeably smaller 
than the cell. 

Forming large, floating masses in warm, quiet waters. Alaska 
(Sitka) to central California. 

Greville, Alg. Brit., 1830, p. 181 ; Collins, Green Alg. N. A., 1909, 
p. 199, Mar. Alg. Vancouver Is., 1913, p. 101. Conferva clathrata 
Roth, Cat. Bot., 1806, III, p. 175. 

This species is the counterpart of Enteromorpha erccta, but with 
the chromatophore not filing the cell. Enteromorpha clathrata and 
E, erccta bear a similar relation to one another to that borne by E. 
crinita to E, plumosa. The identification of Roth’s species seems to 
rest with Mertens, who is followed by J. G. Agardh (1883, p. 153) 
and, in turn, by all recent writers. 

20. Ulva L. 

Frond membranaceous, flat, consisting of two layers of cells usually 
closely applied throughout, but in some species separating at the base 
and margins ; zoospores or gametes formed from any cell except those 
of the thickened, or hollow, stipe and escaping through an opening 
in the surface of the frond. 
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Linnaeus, Gen. Plant., 1737, p. 326, Sp. Plant., vol. 2, 1753, p. 1163 
(in part). 

The name Viva goes back into classical Latin and was used to 
designate some marsh plant. It was adopted by some of the botanists 
to designate the expanded or gelatinous algae of any color. Linnaeus 
used it, at first, for a combination of species now referred to Viva, 
Monostroma{f)j Enteroniorpha, Porphyra^ Boirydium and Nostoc, 
later extending it to other expanded or non-Fucus species of all four 
groups of algae. If we are to follow some weighty authorities, we 
may be compelled to believe that Linnaeus included in his original 
list no one of the species generally referred to Viva. If Viva Laciuca 
L. is really a Moiiostr<ynui ; if Viva latissinia L. (at least of the Species 
Plantarum) was founded on a portion of the blade of Laminaria 
saccharina; and if we refer Viva Lima to the genus Enteromorpha, 
then there is no species of Viva, in the sense in which it is now used, 
left in the original list of Linnaeus. 

As genera came to be more strictly delimited, Viva came more 
and more to be reserved for membranous or tubular forms and ulti- 
mately for those belonging to the Chlorophyceae. Finally, in 1854, 
Thuret gave it its final description and content by the separation 
of the species of Mo}wstroma. J. G. Agardh (1883, p. 160), although 
differing from Thuret as to some details, followed ThureCs segrega- 
tions, and since that time the general concept has been the same for 
all writers. The genus Viva, therefore, may be defined as including 
those spexjies of the Chlorophyceae which have a parietal chromato- 
phorc and with the cells arranged, in large part at least, in a two- 
layered membrane. We have arranged our plants under Viva in 
accordance with this idea, including even those like Viva Lima which, 
in habit, seem to belong to Viva and the greater portion of whose 
fronds remain as two layers closely applied to one another. 

The species of Viva are generally r(;garded as btung not readily 
separable from one another, and the universal tendency has been to 
divide the genus into a few widely distributed and variable species. 
There is, however, great need of careful and extensive monographic 
work on this genus. In our attempt to distinguish the species and 
forms of our own coast, we have come to the conclusion that the plants 
fall into certain groups, fairly readily to be distinguished from one 
another. We have been able, also, to refer these narrower groups of 
forms to described species with plausible certainty. We trust that we 
may be able to stimulate, at least, careful scrutiny of these species and 
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to refer observations as to the behavior of the plants referred to them. 
Cultural studies are needed and, although possibly diflScult, may, even 
for certain more readily grown forms, yield results of extended 
application. 

Prom our own experience, we feel convinced that general habit 
and size do not, as a rule, vary within extensive limits in the adults 
of the same species, while the details of cell structure are fairly 
uniform for any particular part of an adult plant within the species. 
Both habit and cell structure are suflBciently variable among the 
species, however, to afford intelligible diagnostic characters. 


Key to tub Species 

1. Frond lanceolate with tubular stipe 1. U. Linsa (p. 262) 

1. Frond variously shaped, stipe when present, solid 2 

2. Cells square, or nearly so, in cross section 3 

2. Cells distinctly vertically clonfi^atcd in cross section 6 

3. Frond seldom over 2 cm. high 2. IT. califomica (p. 264) 

3. Frond usually over 2 cm. high 4 

4. Frond narrowly lanceolate 3. U. angoata (p. 264) 

4. Frond broad in proportion to length 5 

5. Frond attached, orbicular or ovate, often deeply split 4. U. Lactuca (p. 265) 

5. Frond usually soon free, ample and exapnded 5. U. latiasima (p. 266) 

6. Frond broad in proportion to height 7 

6. Frond narrow in proportion to height or with long, narrow laciniae 9 

7. Frond apparently regularly and abundantly perforated ... 6 . U. feneatrata (p. 267) 

7. Frond not perforate or occasionally showing a few irregular holes 8 

8. Frond ample, usually with deep ruffled margins 7. U. expanaa (p. 268) 

8. Frond moderate, deeply lobed, with slightly ruffled or plane margins 

8. U. lobata (p. 268) 

8. Frond short ovate, plane, usually deiqdy split 9. U. rigida (p. 269) 

9. Frond long, usually simple, more or less ruffled 10. U. atanophylla (p. 271) 

9. Frond very short, simple, plane 11. U. vezata (p. 271) 

9. Frond deeply divided into long, narrow, crisped laciniae 10 

10. Laciniae borne on a short, broad, basal iK)rtion, not dentate below 

12. U. dactylifera (p. 272) 

10. Laciniae split to the very base, dentate below 13. U. taeniata (p. 273) 


1. Ulva Linza L. 

Plate 12, figs. 1-4 

Frond lanceolate or linear-lfiuiceolate, simple, 1-5 dm. long, 1-20 
cm. broad; stipe longer or shorter, hollow; upper part of the frond 
flat, the two layers of cells completely united or remaining free along 
the whole or part of the margins, which are plane or more or less 
undulate; membrane 25-70/* thick; cells usually vertically elongated 
in section, up to twice as high as broad. 
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Growing on wood, rocks, and on other algae, in the lower littoral 
belt. Alaska (Orca) to Mexico (La Paz). 

Linnaeus, Sp. Plant., vol. 2, 1753, p. 1163. Enteranwrpha Lima 
J. Agardh, Till Alg. Syst., part 3, 1883, p. 134, pi. 4, f. 110-112; Col- 
lins, Green Alg. N. A., 1909, p. 206, Mar. Alg. Vancouver Is., 1913, 
p. 102 ; Setchell and Gardner, Alg. N.W. Amer., 1903, p. 212 ; Howe, 
Phyc. studies, V, 1911, p. 490; Collins, Holden and Setchell, Phyc. 
Bor.-Amer. (Exsicc.), no. 967 b; Tilden, Amer. Alg. (Exsicc.), no. 
384. ^^Vlva LactxKM forma genuim'^ Tilden, Amer. Alg. (Exsicc.), 
no. 260 (not of Hauck). 

The figure of Dillenius (1741, pi. 9, f. 6) quoted by Linnaeus 
(1753, p. 1163) under Viva Lima, seems sufficiently characteristic to 
distinguish this species. We find, however, that it becomes necessarj^ 
to include under the name a very considerable variety of forms. 
Some of t’uese forms are very narrow, while others are comparatively 
broad. In some, the Iiollow stipe gradually expands into the blade, 
while in others the passage from one to the other is extremely abrupt 
and the blade is broad, even slightly cordate, at the base. Many 
plants of Viva Lima are short (a few cm. long) while some are very 
long (up to 1 M. or more). The margins, in turn, may be perfectly 
flat and plane while, in others, they are decidedly, even conspicuously, 
undulate or deeply ruffled. The hollow stipe and greater or l(»ss extent 
of hollow margin, however, distinguish all forms of Viva Lima from 
any other species of Viva, and the considerable expanse of two-layered 
blade distinguishes them from any species of Entermnorphxi, 

While Viva Lima is an Entcromorpha at the base and on the lower 
margins, it is decidedly an Viva so far as the expanded blade is 
concerned. It might, with justice, be placed in cither genus, but 
since the habit in general is that of an Viva and the greater portion 
of any plant of the species is ulvoid, it seems to us that the novice, 
at least, is more likely to arrange it with Viva than with Entero- 
morpha. We have decided, therefore, to restore it to the genus Viva, 

It has been customary since the account of J. G. Agardh (1883, 
p. 134) to distinguish two forms of Viva Lima, the one (f. lanceolata) 
with the margins plane or undulate and the other (f. crispata) with 
the margins crisped. Since all degrees of ruffling or absence of it 
occur in plants seemingly to be referred to the species, it docs not 
seem practicable to distinguish sharply between them. 
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2. Ulva californica Wille 

Frond 1.5-2 cm. long, up to 1.5 cm. wide, triangular or reniform 
with wavy edge, sometimes with proliferations of a few cells each, 
passing abruptly into a slender, filiform stipe; cells of the stipe, which 
on the inner side form rhizoidal prolongations, are in cross section 
about quadrate; membrane 30-35/1 thick; the cells in the upper part 
of the frond are rather irregularly polygonal with rounded corners; 
no noticeable arrangement in longitudinal series. 

Growing in profusion on rocks near high-tide line. California 
(region about San Diego). 

Wille, in Collins, Holden and Setchell, Phyc. Bor.-Amer. 
(Exsicc.), no. 611; Collins, Green Alg. N. A., 1909, p. 215. 

Our knowledge of Viva californica is derived from the type and 
other specimens collected by Mrs. M. S. Snyder at La Jolla, near San 
Diego, California. It seems to be a very small species with a compara- 
tively long stipe and having the cells small and nearly isodiamelric. 
In this combination of characters it seems amply distinct from all other 
species of the genus. 


3. Ulva angusta S. and G. 

Plate 22, ami plate 26, fig. I 

Frond simple or very rarely lobed, lanceolate to oblanceolate, 8-15 
cm. long, 0.5-1.5 cm. wide, 35-45/* thick (occasionally about 53/*), 
tapering either gradually or abruptly at the base to a delicate, solid 
stipe with discoidal holdfast, color of fronds pale green, margins vary- 
ing from almost plane to very much crisped; cells in surface view 
3- 6-sided, with rounded angles, 5-12/* diam. in section, quadrate to 
one and a half times longer than broad, with rounded angles ; chro- 
matophore 'filling the outer half of the cell. 

Growing in shallow pools along high-tide level. California (region 
of San Francisco). 

Setchell and Gardner, Phyc. Cont. I, 1920, p. 283, pi. 27, and 
pl. 31, fig. 1. 

We find at several places along the coast of central California, 
a rather short and narrow Ulva which does not seem to belong to any 
of the hitlierto described species. We have felt compelled, therefore, 
to give it a name. It resembles the Phycoseris lapathifolia of Kuetz- 
ing (1856, pl. 25) but is shorter and narrower. It also resembles. 
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even more closely, Kuetzing’s figure of Phycoseris JAnza (1856, pi. 16, 
f. I), but is a smaller plant than that also. The short, fiattened stipe 
is solid. The narrow blade varies from plane to undulate or even 
crisply ruffled on the margins. The cells are oblong or rounded in 
section, each provided with more or less of a distinct wall. Although 
we have only recently become acquainted with it, this seems to be a 
vernal species. It has been observed in fertile condition in April. 

4. Ulva Lactuca L. 

Fronds short, usually broader than long, attached by a disk from 
a broad or attenuate base, generally deeply and irregularly split, light 
to dark green in color, delicate in texture, margins plane or ruffled; 
membrane 35-50yi thick (usually about 40/i) ; cells in section ix'arly 
s(iuare with rounded angles or slightly elongated, seldom one and one 
half times higher than broad even in fertile condition. 

Growing attached at first in the upper littoral belt. From Alaska 
(St. Michael) to Mexico (Gulf of Calif oniia). 

Linnaeus, Sp. Plant., vol. 2, 1753, p. 1163 (in part?); Thuret, 
Note Syn. Viva LacUica, 1854, p. 24; Thuret and Bomet, fitudes 
Phyc., 1878, p. 5, pi. 2, 3; Collins, Green Alg. N. A., 1909, p. 214, 
f. 75 (in part). Ulva Lactuca f. rigUla Tilden, Amer. Alg. (Exsicc.), 
no. 386 (not of Le Jolis). 

Viva Lactuca, as described by Linnaeus, is not so definitely delim- 
ited as to be intelligible, so that different views have been held as 
to its nature. A specimen exists in the Linnaean Herbarium (cf. 
Benjamin Daydon Jackson, 1912, p. 147) labeled in the handwriting 
of the younger Linnaeus. We have no knowledge of this specimen 
and have seen no account as to its examination. It is certain that a 
number of the earlier writers agree in referring here a plant which, 
tubular at first, finally splits. On this account, the Viva Lactuca L. 
is a Monostroma or perhaps included both a Monostronia and an Ulva. 
With all due respect to these authorities, it has seemed best to us to 
follow a considerable number of recent writers who have followed the 
opinion of Thuret (1854, p. 24) as to the real nature of Ulva Lactuca. 
The plant described by Thuret and Bomet in their fitudes Phyco- 
logiques (1878, p. 5, pi. 2, 3) is the one we have in mind in the refer- 
enee of the specimens of our coast. This species has a frond broadly 
lanceolate, attenuated to a very short stipe below, broadened and 
more or less deeply and coarsely lobed above. The membrane is about 
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40/li thick at about the middle and the cells in section are circular 
or oblong and but very slightly elongated vertically in section even 
when fertile. The substance of the membrane is soft and slightly 
lubricous. Taken in this narrower sense, we find specimens both from 
our own coasts and those of Europe in agreement. This leads us to 
include this species as defined above, but not in tlie broad sense, as 
including Viva rigida Ag., U. latisshna L., and other species as has 
been the customary usage of recent writers. On this account, it is 
impossible, at present, to give an extended synonymy under the 
species. Vickers (1908, pi. 1) has figured what seems to be a tropical 
form of true Ulva Lactuca and Hauck has distributed a specimen from 
Trieste (cf. Hauck and Richter, Phyk. Univ., no. 17). 


5. Ulva latissima L. 

Frond ample, broader than long, usually soon free and expanded, 
often reaching a considerable size, yellowish green ; membrane 35~4()j!x 
thick ; c<^lls, in section, nearly square or elongated horizontally. 

On mud flats and in quiet bays sometimes completely covering 
extensive areas. Alaska (Juneau). 

Linnaeus, Sp. Plant., vol. 2, 1753, p. 1163 (in part?). Viva 
Lactuca var. latisHinm De Candolle, Flore Frangaise, ed. 3, vol. 2, 
1805, p. 9; Collins, Green Alg. N. A., 1909, p. 215 (in part). Mar. 
Alg. Vancouver Is., 1913, p. 103 (in part?); Setchell and Gardner, 
Alg. N.W. Amer., 1903, p. 210 (in part). Ulva Lactuca myriotrenia 
Saunders, Alg. Harriman Exp., 1901, p. 410 (not of Le Jolis). 

Ulva latissima of the Species Plantarum (Linnaeus, 1753, p. 1163) 
may or may not be the same as that of the Flora Sueciea (Linnaeus, 
1755, p. 433) and the qiiestions as to whether either of these is the 
U. latissinia of other authors, whose conceptions also have varied, are 
not to be solved by us. We infer that the specimen of Ulva latissima 
in the Linnaean Herbarium is not labeled either in Linnaeus’ own 
hand or those of any known amanuensis (cf. Benjamin Daydon Jack- 
son, 1912, p. 147). It is apparently (cf. Turner, Fuci, vol. 3, 1811, 
p. 72 and English Botany, vol. 22, 1806, text under pi. 1551) a frag- 
ment of the blade of Laminaria saccharina. The plant upon which the 
name given in the Species Plantarum is based was collected by Lin- 
naeus on his trip into West Gothland, Sweden (Linnaeus, 1753, p. 
1163, “iter w. gotl. 160”). 
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We have followed the conception of J. Q. Agardh (1883, pp. 16-4r- 
166) as to the proper nature of the Linnaean species and have referred 
here those ample floating forms, with thin membranes, and cells which 
are cubical or horizontally elongated in section. We And very few 
such plants on our coast, their place as ample, expanded, floating 
membranes being taken by TJ. expansu. One specimen, !\owcver, col- 
lected near Douglas, Alaska, by Mr. Eldred Jenne seems clearly to 
belong here, and other specimens may be expected in quiet waters. 
The specimen from Douglas, Alaska, agrees fairly well with no. 
LXXVl of the Pliyeotlieea Boreali-Americana, but is somewhat 
thinner. 

6. Ulva fenestrata P. aiul K. 

Frond ample, usually soon free and expanded, yellowish green, 
completely, and more or less uniformly, perforated with larger and 
smaller round or elongated openings with undulate edges, margins 
often wavy; membrane up to 60/4 thick; cells in section nearly square 
or slightly vertically elongated (about 20/i high by 16/x broad in 
thicker sections) ; chromatophore cucullate at outer end of cell. 

Growing op rocks in the lower litteral and upper sublittoral belts. 
Alaska (Sitka) to Puget Sound, Washington. 

Postels and Ruprecht, 111. Alg., 1840, p. 21, pi. 37. 

The question as to the origin of the perforations found appanmtly 
regularly in some species of Viva and occurring more or less sporad- 
ically in many or all specie*s, has not, as yet, been at all carefully 
investigated. Greville (1830, p. 172) speaks of the frond of Viva 
latissima as being ‘‘frequently mucli perforated by marine animals.’^ 
On the other hand, J. G. Agardh (1882, p. 171) in speaking of U. 
rigida and its forms, states that the holes found in this species, as 
well as in V, reticulata Forsk., arc not the work of animals, but due 
to inequalities of growth. We find holes freciuently in considc^rabh^ 
numbers in various of the IJlvae, as well as of the Porphyrae, of our 
coast and we feel certain that in many case’s, at h’ast, they are the 
work of mollusks, but we also find specimens of a large species of 
Ulva, which seems likely to be U, fenestrata, in which the holes are so 
numerous and so regular, and so constantly found that we are inclined 
to believe them to be the results of growth of the uninjured frond. 
We have, consequently, referred them here, although with much doubt, 
since other than as to perforations, they agree well with specimens 
of Ulva expansa. Some of the specimens in our possession are as long 
as 4 meters and up to 13 decimeters wide. As to details of perforation, 
our specimens agree with those figured by Postels and Ruprecht. 
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7. Ulva expansa (Setchell) S. and G. 

Frond ample, pale green, orbicular or broadly elongated, margin 
deeply ruffled; frond 60-70/jt thick in the middle, 38-45fi on the 
margins; cells, in section, vertically elongated in the middle of the 
frond (up to 28-30/a long, 10-12/a wide), nearly square in the margins. 

Growing on rocks in the lower littoral belt. Washington (Puget 
Sound) to Mexico (La Paz). 

Setchell and Gardner, Phyc. Cont. I, 1920, p. 284. Ulva fasciata 
f. expayisa Setchell, in Collins, Holden and Setchell, Phj’^c. Bor.-Amer. 
(Exsicc.), no. LXXVll; Collins, Green Alg. N. A., 1909, p. 216. 

We find along the coast of central California a broad species of 
Ulva, often also long, something like Ulva latissima in appearance, yet 
of a more vivid green color, thicker in the center of the frond and 
with distinct, broad, ruffled margins. The cells of the thicker center 
of the frond are distinctly palisade-like in section, while on the 
thinner margins they are nearly square. A younger specimen of this 
plant was distributed by one of us as Ulva fasciata f. expansa (Phyc. 
Bor.-Amer., no. LXXVII), but it has seemed, on further study, to 
belong neither to Ulva fasciata Delile nor to the Viva fasciala f. 
taeniata also distributed by one of us (Phyc. Bor.-Amer., no. 809), 
but dt^scribed later in this account as Ulva taniiata. We have there- 
fore described it (Setchell and Gardner, 1920, p. 284) as an indepen- 
dent species under the name of Ulva expansa, 

Ulva expansa, so far as we have observed it, remains attached only 
for a short time. It soon becomes free and floats or drifts, increasing 
in size, becoming at times at least 3 meters long and varying in width 
from 18 cm. to 75 cm. In form and structure it differs from Ulva 
latissima and from all the other species of Ulva of our coasts. It comes 
nearest to Ulva fenestrata as we have described that species, but is 
little, if at all, perforate. Plants of what appears to be the same 
species have been found in the Puget Sound region and Howe (1911, 
p. 490) is inclined to credit here some from La Paz, Mexico. 


8. Ulva lobata (Kuetz.) S. and G. 

Frond dark green, of moderate size (up to about 30 or more cm, 
long and 10-15 cm. broad), more or less deeply lobed or divided, 
attenuate to a cuneate, crisped, often more or less twisted base. 
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margins plane or slightly undulate; membrane 45 - 90/4 thick, thicker 
in the center and thinner near the margins ; colls elongated vertically, 
up to two and one half times as high as broad in the tliicker central 
portion, nearly square at the margins. 

On roeks in the lower littoral belt. Central California (San Fran- 
cisco) to southern California (Pacific Beach). 

Setchell and Gardner, Phyc. Cont. I, 1920, p. 284. Phycasvrh 
lohata Kuetzing, Spec. Alg., 1849, p. 477, Tab. Phyc., vol. 6, 1856, 
p. 10, pi. 27. Ulva fasciata f. lohata Setchell, m Collins, Holden and 
Setchell, Phyc. Bor.-Ainer. (Exsicc.), no. 862; Collins, Green Alg. 
N. A., 1909, p. 216. 

Among the Ulvae of the Californian coast is one of mcKlerate size 
(up to 30 cm. or more long and to 15 or more cm. broad) which is 
distinct in general appearance. It is attenuate at the crisped base, 
broadening above and usually lobed or dividend into several broad 
divisions. The margins are either plane or slightly undulate. Like 
U. expansa it is thicker in the center with palisade-like cells (in sec- 
tion) and thinner on the margins where tin' cells are nearly square 
(in section). It bears a striking likeness in every way to Kuetzing ’s 
figure (1856, pi. 27) of his PhycosiTis lohata from Chili. We have, 
therefore, referred it to his species with some doubt. 

Ulva lohata belongs to the same group of s])ecics as U, expansa 
but is generally firmer in substance, slightly thicker, never reaches a 
great size, and is less deeply or conspicuously ruffled. It is well repre- 
sented by the specimens distributed in the Phycotheca Boreal i- 
Americana (under no. 863). 

The most typical plants are those of the central Californian coast 
(San Francisco to Monterey). We liave referred here also one 
plant from southern California, but with some doubt. 


9. Ulva rigida Ag. 

Frond low, at first lanceolate or ovate-lanceolate, firm and stiff, 
with distinct stipe, later broader and irregularly deeply divided; 
membrane 60-110/4 thick, varying with age and position in the frond ; 
cells, in section, vertically elongated, one and one half to three times 
as high as broad. 

Growing attached to rocks and other algae, upper littoral belt. 
Alaska (Uyak Bay) to Mexico (La Paz). 
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Agardh, Sp., vol. 1, part 2, 1822, p. 410. Viva Lactuca var. rigida 
Le Jolis, Alg. Mar. Cherb., 1863, p. 38; Collins, Green Alg. N. A., 
1909, p. 215 (in part). Mar. Alg. Vancouver Is., 1913, p. 103 (in 
part) ; Saunders, Alg. llarriman Exp., 1901, p. 410 (in part) ; 
Setchell and Gardner, Alg. N.W. Amer., 1903, p. 209 (in part) ; Howe, 
Phyc. Studies, V, 1911, p. 490. 

Ulva rigida must needs be carefully studied and redescribed from 
the type specimen before any exact knowledge is possible as to the 
nature of the species. Agardh (1822, p. 410) describes it as from 
3 or 4 up to about 9 inches long, split to the base into curved and crisp 
laciniac. J. G. Agardh (1883, p. 168) describes it as having cells 
vertically elongated in section to 2 to 3 times their width. He, how- 
ever, refers as typical the figure of Ulva Lactuca of Thurct and Bor- 
net’s Etudes Phycologiques (1878, pi. 2, e). Yendo (1916, p. 244) 
says that J. G. Agardh has taken a broader view of the species than 
did C. Agardh. Yendo refers to V. rigida-, in the sense of its founder, 
the Viva congloboia Kjellm. and its f. dema as well as the Viva fasci- 
ata f. caespitosa Setchell (Phyc. Bor.- Amer., no. 809). Yendo docs 
not, however, state definitely just the characters of tlie type of U. 
rigida Ag. 

The Viva cowjlobata Kjellm. seems to us to agree well with the 
V. fasciata f. raespitom Setchell (Phyc. Bor.-Amer., no. 809, nom. 
nud.), both as to habit and as to structure. The cells in each are only 
slightly, if at all, elongated vertically in section. We are inclined to 
refer both of these pbuits to Viva iMctuca as small forms. The Ulva 
conglobata f. denm, however, seems different in its structure. Judg- 
ing by Kjellman’s figure (1897o-, pi. 3, f. 15), the cells are decidedly 
vertically elongated in cross section, and this form probably, therefore, 
belongs to V. rigida in the sense of J. G. Agardh. 

We have, in the light of what has been written, considered the 
Ulva rigida to be a low plant, rigid, deeply divided, rather thick and 
with cells vertically elongated in section. The membrane usually 
shows a rather thick hyaline layer under each surface, and another 
between the layers of cells. We have found that certain of our speci- 
mens conform to these characters and are to be distinguished by them 
from any other species of Viva. 
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10. Ulva stenophylla S. and O. 

Plate 21, fig. 2, and plate 24 

Frond simple, linear-lanceolate, tapering abruptly at the base to 
a very short, flattened, cuncate stipe, 5-8 dm. high, 5-10 cm. wide, 
plane in the middle with undulate margins; membrane GO-llO/n thick; 
cells squarish in surface view, 14-20 /li diam., 1.5-2 times as long as 
the diameter in section, chromatophore a thin parietal layer, covering 
a part or the whole of the cells; pyrenoids absent. 

Growing on rocks in the lower littoral belt. Central California. 

Setchell and Gardner, Phyc. Cont. I, 1920, p. 282, pi. 26, fig. 2, and 
plate 29. 

The plants described under this name are quite distinct from the 
other species of Ul\xi in shape, texture and anatomical details. They 
are dark green, tough and harsh to the touch. The usually simple, 
long, lanceolate shape serves to distinguish them from other species 
at a glance. 


11. Ulva vexata S. and G. * 

Plate 17, figs. 4-7 

Frond small, unbranched, rigid, linear to oblaneeolate or spatulate, 
plane or slightly undulate, jnorc or less bullate with cuneate base and 
small, solid stipe, 1-3 cm. long, 3-10 mm. wide, dark green, black on 
drying; membrane 45-55/*, up to 100/* thick, cells vertically elongated, 
11-15/*, up to 18/* long, 3.5-5/* wide, with thick walls and very blunt 
angles in surface view; chromatophore filling the cell, pyrenoids 
absent. 

Growing on rocks along high-tide level. In the vicinity of San 
Francisco, California. 

Setchell and Gardner, Phyc. Cont. I, 1920, p. 282, pi. 22, figs. 4-7. 
Ulva californica Reed, Two Ascomycetous Fungi, etc.. 1902, p. 149 
(not of Wille). 

Viva vexata has been observed only in the vicinity of San Fran- 
cisco, as mentioned above, where it grows in considerable profusion. 
It seems quite probable that it may be much more widely distributed 
both north and south of San Francisco. It might be suspected of 
being a malformation due to the parasite always found more or less 
infesting it, but the size and proportions of the cells of the less para- 
sitized portions seem to mark it as a distinct species. 
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12. Ulva dactylifera S. and G. 

Plate 21, fig. 1 

Frond sessile or with a very short stipe; basal portion orbicular 
or reniform, much crisped, 2-4 cm. high, giving rise from the upper 
margin to 1-6 lanceolate, simple or occasionally branched lobes or 
laciniae with plane midrib and much crisped margins, 5-15 cm. high, 
0.5-1.5 cm. wide ; membrane of basal portion 50/4 thick at the margin, 
up to 100/4 thick in the middle, with cells 16-20/4 diam. in the surface 
view, quadrate to 2 times as long as wide in section, membrane of the 
laciniae 40-50/4 thick on margin, up to 190/4 thick in the middle, with 
cells 12-16/4 diam. in surface view, quadrate to 5 times as long as 
wide in section ; chromatophore filling the outer half of the cell. 

On exposed rocks, uppermost littoral belt. Southern California 
to Mexico (San Roque?). 

Setchell and Gardner, Phyc. Cont. I, 1920, p. 285, pi. 26, fig. 1. 

We have along the Californian coast two species related to Viva 
fasciata, neither of which seems to be exactly like the Mediterranean 
species. Both are characterized by long, narrow fronds or laciniae, 
much thicker along the middle and with thinner, very much crisped 
margins. One of these, Ulva dactylifera, possesses a comparatively 
broad, though short, undivided basal portion from which arise the 
several narrow, elongated, crisped laciniae. Neither the basal portion 
nor the laciniae show distinctly toothed margins. The other species, 
Ulva taeniata, is either simple, long, slender, plane and dentate below, 
but with crisped margins above, or divided to the very disk itself 
into two or three such divisions. The “midrib^’ portions differ 
slightly in thickness in the two species and the cells of the ‘‘midribs’' 
differ in proportions. 

Ulva dactylifera has been distributed under no. 221 b (sub ^^Ulva 
fasciata**) of the Phycotheca Boreali-Americana. Unfortunately the 
plants under this number are not uniform. We have examined no. 
221 b in two copies. In one, the plant is certainly, although not 
typically, V, dactylifera. In the other it seems rather to be a form of 
Viva Lactuca. 

Ulva dactylifera is nearest to U. fasciata f. costata Howe (1914, 
p. 20, pis. 1, 2, f. 10-23), but differs as to the basal portion, thickness, 
and possibly also in proportions of cells. It differs from U. fasciata 
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Delile, so far as descriptions and figures indicate, in branching, in 
rufiling, and probably in thickness. It is a very much thinner plant 
than 17. nenvatoidea Bory, judging from the dimensions given by 
Bomet (1892, p. 36 or 196). 


13. Ulva teniata (Setchell) S. and G. 

Plate 23 

Frond elongated, up to 1 or 2 M. long, simple or split to the very 
base into long, narrow segments, plane below and coarsely dentate, 
densely crisped and ruffled on the margins above, with a plane, thicker 
midrib; membrane up to 140/x thick as to the midrib’’ and down 
to 40/a thick on the margins; cells of the ‘‘midrib” vertically elongated 
in section up to two and one half times as high as broad, but becoming 
nearly srpiare towards the margins. 

On rocks in lowermost littoral or upper sublittoral belts. Central 
California (Tomales Bay to Monterey). 

Setchell and Gardner, Phyc. Cont. I, 1920, p. 286, pi. 28. Viva 
fasciuta f. iaeniata Setchell, in Collins, Holden and Setchell, Phyc. 
Bor.-Amer. (Exsicc.), no. 862; Collins, Green Alg. N. A., 1909, p. 216. 

Ulva iaeniata has been found thus far on the coasts of central 
California only, while V, dactylifera has betm found only on those 
of southern California, The differences between the two species have 
been enumerated under the latter species. From U. faxciata f. costata 
Howe, it differs particularly in its basal portion. Ulva fasciaia Delile 
seems to be a species nearly if not absolutely plane, while U. taeuiata 
is always crisply ruffled. No. 862 of the Phycotheca Boreali-Americana 
represents this species very well. 


21. Pcrcursaria Bory 

Frond slender, filamentous at first, of a single series of cells, later 
becoming two longitudinal rows of cells placed symmetrically side 
by side throughout, or only in portions, of the filament; cells 
rectangular, with thick walls and a single chromatophore. 

Bory, Diet, class, d’hist. nat., vol. 13, 1828a, p. 206. Tetranema 
Areschoug, Phyc. Scand. Mar., Sect. II, 1850, p. 418 (not Tetranema 
Bentham, 1843). Diplonema Kjellman, Norra Ishaf. Algfl., 1883a, 
p. 371 (not Diplonema Don, 1838, nor Diplonem4i De Notaris, 1846). 
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The genus Percursaria was founded by Bory in 1828 to receive 
the Viva percursa Ag. Bonnemaison founded a genus of the same 
name in 1822 (p. 178) quoted as Percussaria^^ by Leman (Diet, 
d’hist. nat., vol. 38, 1825, p. 425) which is a mixture of filamentous 
Myxophyceae with no type designated. It certainly seems to us that 
the Viva percursa Ag. is a very distinct plant belonging in no other 
genera of the Ulvaceae as properly limited. We follow Rosenvinge 
and others in keeping it separate. It is, in reality, a very narrow 
membrane, seldom, if ever, more than two cells wide. It may possibly 
be looked upon as a very primitive form among the Ulvaceae. 


Percursaria percursa (Ag.) Rosenv. 

Plate 14, fig. 6 

Frond several cm. long, ficxuous and contorted, generally irregu- 
larly and frequently contracted to a single row of cells or expanded 
to a double row; cells 10-15/x wide and from once to twice as long. 

In entangled masses with other filamentous algae in upper tide 
pools, in ditches in salt marshes and similar places where the water 
is warmed by the sun. From Alaska (Bay of Unalaska) to central 
California (San Francisco Bay). 

Rosenvinge, Grocnl. Havalg., 1893, p. 963, Alg. Mar. du Groenl., 
1894, p. 160. Conferva percursa Agardh, Syn. Alg. Scand., 1817, 
p. 87. Tetranema percursum Areschoug, Phyc. Scand. Mar., Sect. II, 
1850, p. 418. Diplotienia percursum Kjellman, Norra Ishafv. Algfi., 
1883a., p. 371, Alg. Arct. Sea, 1883, p. 302. Enteromorpha percursa 
Setchell and Gardner, Alg. N.W. Amer., 1903, p. 214 ; Collins, Green 
Alg. N. A., 1909, p. 197 ; Collins, Holden and Setchell, Phyc. Bor.- 
Amer. (Exsicc.), no. 968. 

This interesting plant, so unlike a member of the Ulvaceae in 
general appearance, seldom occurs pure, but is generally mixed with 
those species of Cladophora, Enteromorpha and filamentous Myxo- 
phyceae which delight in the same conditions of life. It is readily to 
be told from its associates by the very symmetrically placed double 
row of cells. 
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Order 5. SCHIZOGONIALES west 

Thalhis filamentous or membranaceous, deep green ; cells dividing 
in one, two or three planes strictly at right angles to one another, 
chromatophores axile; multiplication by proliferation (or gemmation) 
of the thallus, by akinetes, or by the latter directly forming aplano- 
spores; zoospores and gametes unknown. 

West, G. S., Brit. Freshw. Algae, 1904, p. 98. 

This order differs from that of the Ulvales by the cc‘lls possessing 
axile instead of parietal chromatophores, and by the absence of zoo- 
spores and gametes. Otherwise, the members in general appearance 
closely resemble those of the Ulvales. The order comprises one family 
and one to four genera according to the views of different writers. 
The sped js are largely inhabitants of fresh water or of damp, usually 
foul, earth, but a few are marine. 

FAMILY 10. SCHIZOGONIACEAE ohodat 

The characteristics are the same as thost^ of the order. 

Chodat, Alg. verti^s de la Suisse, 1902, p. 341. 

In choosing the name of this family, all depends upon whether 
Schizogonium is to be retained as a distinct genus. Until more 
definite cultural work has been carried through, it seems best to us 
to retain Schizogomum distinct from Prasiol4i and, consequently, we 
have adopted Chodat ^s name in preference to the Prasiolaceae of 
West (1904) or the Blatosporaceae of Wille (1909). 

Key to the Genera 


1. Adult frond an expanded membrane 22. PrasioU (p. 275) 

1. Adult frond a solid filament 23. Oayella (p. 279) 


22. Prasiola Menegh. 

Frond membranaceous, monostromatic, attached by short filiform 
prolongations, by the edge of the membrane, or by a thickened stipe; 
cells with stellate, axile chromatophore and one pyrenoid, dividing 
to form groups of fours, these groups forming similar larger groups, 
the spaces between the groups of various orders constituting narrower 
or wider spacei^, running in definite directions through the frond; 
asexual reproduction, (1) by the breaking off of smaller portions 
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of the frond which attach themselves and grow independently; (2) 
by akinetcs, formed from individual cells assuming thick walls, and 
developing either directly into a filament or a membrane, or indirectly 
by aplanospores, several in each akinete; (3) by aplanospores, formed 
4-512 in a cell, by walls in 2 or 3 directions; sexual reproduction and 
zoospores unknown. 

Meneghini, Cenni Organo. c Fisiol., 1838, p. 36. Tribe 4, Ulvae 
(Prasiola) Agardh, Sp. Alg., 1822, p. 416. 

The genus Prasiola was first described as a tribe of the genus 
niva by C. A. Agardh {loc. cit,) and later raised by Meneghini {loc. 
cit,) to independence. There are three monographs of Prasiola, viz., 
by Jessen (1848), by Lagerstedt (1869) and by Imhauser (1889). 
De-Toni (1899, p. 140 et seq.) enumerates twelve species, of which 
three are reckoned doubtful. Three of the remaining nine species 
are marine and the rest terrestrial or inhabitants of fresh waters. 
Several additional species have been described, one of which is a 
marine species from our own coast. 

We find four species along our coast which have claims to be 
considered marine and there are probably as many more terrestrial 
or fresh-water species known from western North America. Much 
more study of seasonal forms and developmental stages is necessary, 
and the number of aplanospores produced by the aplanosporangia 
needs more can^ful determination. The formation of the “aplano- 
spores” resembles very closely the formation of the male cells or 
sperms in Porphyra and may, according as the mother cell separates 
completely or incompletely into two or four at the first two divisions, 
be a certain number or four times that number as Hus has shown 
takes place in anthcridial formation in Porphyra (cf. Hus, 1902, 
p. 190). Complete aplanospore formation has been followed in only 
one species, viz., Prasiola d^licata. 


Key to the Species 

1. Cells in distinct arcoles, intercellular lines more or less distinct 2 

1. Cells in indistinct arcoles, intercellular lines absent or indistinct 3 


2. Frond slender, long, stipitate, stipe of a single row of cells towards the base 

1. P. oalaph7Ua'(p. 277) 

2. Frond broad, when stipitate, stipe broad, of more than one row of cells 

towards the base 2. P. borealis (p. 277) 

3. Membrane up to 17-20/i thick 3. P. delicata (p. 278) 

3. Membrane up to 4(M5 m thick 4. P. meridiooalis (p. 278) 
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1. Prasiola calophylla (Carmich.) Menegh. 

Fronds linear to narrowly cuneate, with truncate apex, many from 
the same holdfast, seldom over 1 cm. long, 1 mm. wide ; cells near the 
base in a single series, about 10/a long by 3--5/a broad ; farther up in 
two rows, the number increasing towards the upper part of the frond 
or as the frond grows older; the series of cells and the intercellular 
lines nearly parallel throughout; cells near the apex of tlic frond 
about 3-5/a diam., square; thickness of frond about 15/a; cells 8-10/a 
high in cross section. 

Growing in brackish water. Washington (Whidbey Island). 

Meneghini, Cenni suir Organografia, 1836, p. 36; Seichell and 
Gardner, Alg. N.W. Amer., 1903, p. 215; Collins, Green Alg. N. A., 
1909, p. 219. Bang'm mlophijUa Carmichael, in Greville, Scottish 
Crypt. Flora, vol. 4, 1826, p. 220. 

This species has been observed only once in anything like a marine 
locality. One of us (Gardner) found it at the hetui of Penns Cove 
on Whidbey Island, growing within reach of pure salt water. It is 
a small, slender species and is easily recognized by having a long 
tapering stipe ending below in a single row of cells. It is probably 
not to be expected at all frequentlj'^ in marine localities. 

2. Prasiola borealis Keed 

Plate 10, figs. 1-3 

Fronds cuneate to obovate, stipitate or sessile, margin crenulate, 
crisped or entire, soft membranaceous, 33-45/a thick, 5-10 mm. high, 
in tufts of several from one holdfast; cells in distinct tetrads, areolar 
arrangement manifest; cells 4-9/a diam., seen superficially; in cross 
section oblong or palisadc-form, 11-14/a high ; aplanospores probably 
numerous within each aplanosporangium, in groups of 8. 

Growing on rocks just above high water mark. Alaska. 

Reed, Two new ascomyeotous Fungi, 1902, p. 160, pi. 15, f. 7 ; 
Collins, Green Alg. N. A., 1909, p. 220; Setchell and Gardner, Alg. 
N.W. Amer., 1903, p. 215 ; Trelease, The Fungi of Alaska, 1904, p. 34, 
pi. 7, f. 1, 5. 

Prasiola borealis has been found only on the Alaskan coast 
(Unalaska, Kadiak and Baranof Island) and always infested with 
a fungus {Ouignardia alaskema Reed), thus resembling the Mastodia 
tessellata Hook, and Harv. (cf. J. D. Hooker, 1847, p. 499, pL 194, II) 
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whose algal portion was later referred to Prasiola tessellata by Kuetz- 
ing (1849, p. 473). P. borealis differs from P. tessellata at least in 
habit and in being less regularly areolate. Prasiola borealis also 
resembles P. furfnracea (Mert.) Menegh. except in that its cells are 
larger, the membrane thicker, and the areolae and intercellular lines 
more distinct (cf. also Reed, loc. cit,, p. 156). 

A similar composite to those of Prasiola borealis Reed with 
Ouignardia alaskana Reed and Prasiola tessellata Kuetz. with 
Ouignardia Prasiolae (Winter) Reed is the Dermatonveris georgica 
Reinsch (1890, p. 425, pi. 19, f. 1-6), which has not been, so far as 
we are aware, examined carefully with regard to its two components. 


3. Prasiola delicata S. and 0. 

Plate 17, fig. 3; plate 19, Sg. S; plate 20, fig. 1 

Frond 1-1.5 mm. high, broad and shortly stipitate, expanding 
directly and abruptly to broadly oblong or cordate, margins crisped 
and inrolled, dark bluish green; membrane 17-20/i thick, cells not 
grouped into distinct areolae and not separated by intercellular lines ; 
akinetes not seen ; aplanospores up to 512 from a single cell (8x8x8) 
but often only 128 ; cells palisade-like and 10-12^ in vertical diameter, 
in section twice or more as high as broad. 

Growing at or near the upper tide mark on rocky islets. Sitka, 
Alaska. 

Setchell and Gardner, Phyc. Gout. I, 1920, p. 291, pi. 22, fig 3; 
pi. 24, fig. 8 ; pi. 25, fig. 1. 

Prasiola delicata has a decidedly thinner membrane than any other 
of our marine species, shows little areolation, and has a large number 
of aplanospores formed within a single aplanosporangium. These 
characters seem to indicate its just claim to be considered a distinct 
species. It is known to us, as yet, from a single collection, although 
in considerable quantity. 


4. Prasiola meridionalis S. and G. 

Plate 20, fig. 2 

Frond up to 7 mm. high, with short and broad stipe, soon expanded 
into a broad, cordate, rosulate or cucullate blade, dirty green; cells 
neither arranged in distinct areolae nor separated by intercellular 
lines; membrane 40-45fi thick, section showing cells 14-18fi high 
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and 7~8/li wide with broad, hyaline margins (up to 13/a thick) ; 
akinetes scattered, large thick walled ; aplanosporcs probably 128-512 
(4x4x8 or 8x8x8) from a single aplanosporangium. 

On exposed rocks or rocky islets above the high water mark but 
exposed to the force of the waves. Washington (Friday Harbor and 
Neah Bay) to central California (entrance to Tomales Bay). 

Setchell and Gardner, Phyc. Cont. I, 1920, p. 291, pL 25, fig. 2. 

The specimens taken as the type of this species were collected by 
one of us (Gardner, no. 3824) at Neah Bay, Washington. We are 
also inclined to refer here specimens collected on ‘‘Minnesota Reef’’ 
at Friday Harbor, Washington, and at the entrance to Tomales Bay, 
California. In both of the last two localities, the species is associated 
with Gayrlla constricta. Cultures, however, definitely indicate the 
independence of the two plants of one another. 

Prasiola meridioiwlis comes near to P. borealis Reed, but the 
frond of the latter is areolate and with more or less distinct inter- 
cellular lines. P. borealis, so far as found, is infested with a fungus 
(Ouigmrdia almkana Reed) while none of the three collections of 
P. meridioiuilis shows any trace of such a parasite. 


23. Oayella Rosenv. 

Frond filiform, simple or very slightly branched, at first of a single 
series of cells, later dividing longitudinally into many series, but 
always remaining filiform, not fiat; cell structure as in Prasiola. 

Rosenvinge, Groenl. Havalg., 1893, p. 936. 

Gayella may be a genus of doubtful autonomy, but the cylindrical 
rather than flattened character of its fronds seems to mark it off 
distinctly from Prasiola, The behavior of Oayella canstricta in cul- 
tures, in retaining its characters and never showing a Prasioio-stage, 
induces us to retain the genus. Our experience of both species of our 
coast does not confirm that of Borgesen (1902, p. 482 cf seq.) and we, 
therefore, feel unwilling to consider 0. polyrhiza as a subspecies of 
Prasiola crispa. Certainly our O, constricta shows no distinctly tran- 
sitional forms to the Prasiola found associated with it. 


Key to the Species 

1. Up to 175/1 diam. above, frequently constricted 

1. Up to 70/1 diam. above, without constrictions 


.2. O. constricta (p. 280) 
.1. G. polyrhisa (p. 280) 
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1. Oayella polyrhiza Rosen v. 

Frond at first a simple filament of a single series of disk-shaped 
cells, 10-12/1 diam., attached to the substratum by a rhizoidal pro- 
jection from the lower cell; later attached at various parts of the 
filament by rhizoidal growths, one or two from a cell ; increasing in 
diameter by growth and division of cells, up to 70/i diam. ; terete or 
somewhat irregular in surface, but not flattened; cells with parietal 
chromatophorc and one pyrenoid ; in the mature plant showing super- 
ficially an arrangement in longitudinal and transverse lines; in cross 
sections an arrangement by 2-4r-8-16, etc., in somewhat Oloeocapsa- 
like form; asexual reproduction by aplanospores, arranged in longi- 
tudinal and horizontal series. 

Known only from the west shores of Amaknak Island, Alaska. 

Rosenvinge, Groenl. Havalg., 1893, p. 937, f. 45, 46; Collins, Green 
Alg. N. A., 1909, p. 221 ; Setchell and Gardner, Alg. N.W. Arner., 
1903, p. 217 ; Collins, Holden and Setchell, Phyc. Bor.-Amer. (Exsiec.), 
no. 914. 

The specimens distributed under no. 914 of the Phycotheca Boreali- 
Amerieana agree so closely in every way with the dc*scription and 
figures of Rosenvinge that we feel justified in referring them to 
GaycUa polyrhiza. They were not associated with anything resembling 
a true Prasiola, 


2. Gayella constricta S. and G. 

Pinto 12, figs. 5-10 

Filaments small, dark green, somewhat tufted, 1-4 mm. high, 
18-20/a diam. at the base, up to 175/a at the apex, cylindrical-clavate, 
uncinate, constricted at frequent intervals, sparingly branched at the 
base ; cells disk-shaped, 10-15/a diam.. at first in a single series through- 
out, remaining so for some distance at the base, but dividing into 
groups longitudinally in two or more planes above, increasing the 
diameter of the filament and preserving its cylindrical form in general 
through gradually becoming larger, the terminal group of cells having 
the greatest diameter ; at frequent intervals gn>ups of 2-6 cells remain 
undivided vertically, giving a constricted appearance to the mature 
plants ; cell walls hyaline, homogeneous ; cross-walls very thin ; 
chromatophore single, occupying nearly the entire cell; pyrenoid 
obscure. 

Growing in depressions and crevices in rock, above high-tide level, 
kept moist by dashing salt spray. Discovered at Tomales Point, Marin 
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County, California. Since its first publication it has been observed 
in a similar habitat near Friday Harbor, San Juan County, Wash- 
ington. 

Setchell and Gardner, in Gardner, New Pac. Coast Mar. Alg. I, 
1917, pp. 384, 385, pi. 33, f. 5-9, arid pi. 32, f. 5. 

Oayella c<ynstrwta differs from G. polyrhiza in having fewer 
rhizoids and these usually much longer and multicellular. It differs 
also in having deep constrictions in the mature filaments caused by 
the failure of certain cells to divide vertically. It differs finally in 
the much greater diameter of the upper portions of the filaments and 
in their uncinate tips. 

Gayella cmu^tricta has been observed in cultures in the laboratory 
for over eighteen months as well as the Prasiola (P. meridional is) 
found growing with it. In pure cultures no transformation from one 
to the other was observed. New plants of Gayella which were con- 
stantly arising retained the Gayella form. No plants of Gayella arose 
in pure cultures of the Prasiola, It seems to us that these cultures 
justify keeping the two genera separate as well as establishing the 
independence of both Gayella constricta and Prasiola nieridionalis. 


Order 6. ULOTRTCHALBS blackman and tansley 

Frond of branched or unbranched filaments, typically of a singl(^ 
series of cells; cells uninucleate with one or few parietal chromato- 
phores with or without one or more pyrenoids; multiplication by 
fragmentation, akinetes or aplanospores ; reproduction by zoospores 
and by isogaiiious or oogamous gametes. 

Blackman and Tansley, Class. Green Algae, 1902, p. 137; West, 
Algae, vol. 1, 1916, p. 281. ChaeUrphorales Wille, in Engler and 
Prantl, Natiirl. Pflanzenfam., Nachtr. zum I Theil, 2 Abt., 1909, p. 3. 

The Ulotrichales form a fairly compact group of families having 
the frond branched or simple, and composed of uninucleate' cells. 
The cells are usually in a single series. There are a few exceptional 
genera, but these usually occur among the fresh water species which 
constitute the greater portion of the group. 

Key to the Families 

1. Filaments simple, rarely branched 11. Ulotiichaeeae (p. 282) 

1. Filaments branched, at times prostrate and concrcscent 2 

2. Cells green, without haematochrome 12. ChaetophoraceM (p. 286) 

2. Cells normally yellow or red, with haematochrome 

13. Trutepohliaceae (p. 306) 
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FAMILY 11. ULOTBICHACEAE borzi 

Filament simple, or very rarely branched, fixed to the substratum 
by a usually specialized basal cell ; cells in a single series, or double 
by concrescence, uninucleate, with a single complete or broken annular 
chromatophore having one to several pyrenoids; multiplication by 
fragmentation, akinetes, or aplanospores ; zoospores 2- 4-eiliated; iso- 
gametes 2-eiliated. 

Borzi, Studi Algologici, 1883, p. 25 {*^Vlothriciaceae^* sic!) (in 
part) ; Blackman and Tansley, Class. Green Algae, 1902, p. 137. 
Vlothricheae Kuetzing, Phyc. Gen., 1843, p. 251. 

The Ulotrichaccae was first designated as a family by Kuetzing 
{loc. cit.). The name in its present form was given by Borzi {loc. 
cit.) although the orthography was incorrect. The contents of Borzi ’s 
family was greater than used later by Blackman and Tansley {loc. 
cit.) whose idea we follow. The majority of the Ulotrichales are 
branched, but there are some with simple filaments and these are all 
contained in the Ulotrichaccae. Very few of the members of this 
family show any branching at all, and when they do it is slight com- 
pared with that of the members of the Chaetophoraceae or of the 
Trentepohliaceae. The great majority of the species of the Ulotricha- 
ceae are inhabitants of fresh waters but a few species of Ulothrix are 
marine. 


24. Ulothrix Kuetz. 

Filaments simple or rarely branched, of a single series of uni- 
nucleate cells, all similar, and, with the exception of the attached 
basal cell, capable of division and of producing spores; chromatophore 
band-shaped, with one or more pyrenoids; asexual reproduction by 
aplanospores and akinetes, also by 4-ciliated zoospores, with red 
stigma, formed 1--4 in a cell, germinating immediately ; sexual repro- 
duction by 2-ciliated gametes formed 8 or more in a cell, germinating 
after conjugation ; external conditions may induce many modifications 
of the normal process ; akinetes may be formed, ultimately producing 
zoospores; filaments may break up into individual cells, and these 
by copious formation of gelatine pass into a PalmeUu or a Oloeocyxtis 
condition. 

Kuetzing, Algolog. Mitth., 1833, p. 517. 

The genus Ulothrix contains both fresh water and marine species 
and is to be distinguished from the genera Hormiscia and Chaeto- 
marpha of the Cladophoraceae by its uninucleate cells. The pjrrenoids, 
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also are less numerous in each chromatophore in Vlothrix, the majority 
of species containing only one. 

The species of Vlothrix still need careful study especially in cul- 
tures. These cultures, however, are not easy to carry on. The fila- 
ments vary considerably in diameter in different stages of growth, 
often increasing very considerably in diameter as they pass over into 
reproductive condition. The chromatophores of the different species 
seem distinctly different in the earlier vegetative conditions but lose 
their character as the cells pass on towards reproductive stages. Wille 
(1901 and 1906) has made the more recent and more considerable 
studies of the marine species and has brought out many new points 
of view, showing how necessary it is to have plants for study in prac- 
tically all stages of development. Dried plants are often very unsatis- 
factory in that chromatophore structure is generally difficult of exact 
determination. Specimens preserved in liquid are much more favor- 
able for investigation. 


Key to the Species 

1. Filaments always free, no branches 2 

1. Filaments often .grown together, oecasional branches 4. U. laetevireiis (p. 286) 


2. Cells (especially fertile) much shorter than broad 3 

2. Cells (including fertile) usually as long as, or longer than broad 

1. U. impleza (p. 283) 

3. Chromatophore a complete ring, fertile filaments broad (up to 60/x or even 80 m 

diam.) 2. U. flacca (p. 284) 

3. Chromatophore an incomplete ring, fertile filaments mueh narrower (not over 
38-40/1 diam.) 3. U. pseudoflaeca (p. 285) 

1. Ulothrix implexa Kuetz. 

Plants light green, forming soft masses, cells 6-15/a diam., some- 
times slightly swollen at the middle, nearly quadrate, chromatophore, 
when young, occupying only the middle part of the cell, often an 
incomplete ring ; fertile cells nearly quadrate, not swollen or increased 
in width. 

Growing on rocks near the mouths of streams, and on wood in 
quiet water, in the littoral belt. Alaska (St. Michael) to California 
(San Francisco). 

Kuetzing, Sp. Alg., 1849, p. 349 ; Collins, Green Alg. N. A., 1909, 
p. 185 ; Setchell and Gardner, Alg. N.W. Amer., 1903, p. 217. Vlothrix 
suhflaccida Wille, Stud. ueb. Chloroph., I-VII, 1901, p. 27, pi. 3, 
f. 90-100 ( ?) ; Collins, Green Alg. N. A., 1909, p. 186; Collins, Holden 
and Setchell, Phyc. Bor.-Amer. (Exsicc.), no. 1275. 
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Wille (1901, p. 22) has raised the question as to the exact nature 
of the type of this species and as to the status of other plants referred 
to it. Hazen (1902, p. 155) thinks, however, that Wille 's doubts are 
not founded on sufficient basis for rejecting the name and that the 
type of U, implcxa may be reckoned among the marine species. 

We have followed the usual fashion of referring here our most 
slender species whose cells are usually as long as, or often longer than, 
broad. The chromatophore in young cells in active vegetative con- 
dition forms a more or less complete band about the middle of the 
outer cell wall. Many of our specimens, however, seem to have a 
complete chromatophore clothing the entire outer wall. We are 
inclined to consider the cells of such specimens as probably passing 
over into the fertile condition, but not, as yet, having undergone divi- 
sion to form zoospores or gametes. The fertile cells in these species 
are neither enlarged (i.e., broadened) nor swollen. A careful study 
of living material in various stages will be very helpful in clearing 
up these matters. 

We follow Ilazen in placing the TJlothrix suhflaccida Wille (loc, 
cit,) as a synonym under U, implexa. 


2. Ulothrix flacca (Dillw.) Thur. 

Plants forming bright or dark green, often much entangled, masses 
or skeins; cells 10-25jLt diam., 0.25-0.75 as long as broad, when pro- 
ducing spores up to 50ft diam., and swollen in the middle ; chromato- 
phore occupying the whole of the cell wall with 1 to 3, occasionally 
more, pyrenoids. 

Growing on other algae, on rocks and on wood, in the littoral belt. 
From Alaska to California. 

Thuret, in Le Jolis, Liste Alg. Mar., 1863, p. 56; Collins, Green 
Alg. N. A., 1909, p. 185 ; Saunders, Alg. Harriman Exp., 1901, p. 412; 
Setchell and Gardner, Alg. N.W. Amer., 1903, p. 217 ; Hazen, Uloth. 
and Chaetoph. U. S., 1902, pi. 20, f. 7-9. Conferva flacca Dillw., 
Brit. Conf., 1809, pi. 49. 

We can not feel certain whether the TJlothrix flacca^ as it has been 
finally limited by Wille (1901, p. 18 et seq.) is the Conferva flacca of 
Dillwyn (loc, cit,) or not. There is a certain strong suggestion to 
our minds of TJlothrix pseudoflacca Wille in both the figures and the 
description of Dillwyn. It seems best, however, to follow the present 
conception of the species and assign under TJ, flacca marine TJlatriches 
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which, while comparatively slender (10-25^ diam.) in the vegetative 
condition, thicken very considerably (up to 60fi or even 80ft) when 
producing zoospores or gametes. The cells when younger may be 
almost or quite quadrate, but become in the fertile condition very 
much shorter than the diameter. 


3. Ulothrix pseudoflacca Wille 

Filaments 8-32/* diam., free from one another, attached by an 
elongated, downwardly gradually tapering cell; cells from 0.25 as 
long as broad to nearly quadrate; cell walls thin; chromatophore 
parietal, completely covering the outer cell wall, thickened in the 
region of the single pyrenoid, fertile cells not exceeding the vegetative 
in diameter, from flattened to nearly globular. 

On rocks and algae, upper littoral belt. Alaska (Sitka) to Cali- 
fornia (San Francisco). 

Wille, Stud. ueb. Chloroph., 1901, p. 22, pi. 2, f. 64-81. 

Ulothrix pseAidoftacca varies as follows: f. minor Wille (ioc. cit,, 
p. 23, pi. 2, f. 67-69), 8~16ft diam.; f. major Wille (loc. cit., p. 23), 
10-22/a diam.; f. maxima Setchell and Gardner {in Gardner, 1919, 
p. 488, pi. 42, f. 6), 28-32fi, up to 40/* diam. Plate 9, fig. 6 A, B. 

Of these f. minor has been collected at Sitka, Alaska, f. major and 
f. maxima at Lands End, San Francisco, California (all by Gardner). 

Ulothrix psendoflacca bears a considerable resemblance to U. flacca 
except that in its fertile condition it does not reach so considerable 
a diameter and the fertile cells are usually more or less rounded. The 
chromatophore in U, pseudoflacca is a broken ring while that of 
U. flacca is a complete ring. 

Ulothrix pseudoflacca varies much in diameter and, as shown 
above, may be separated more or less readily into three overlapping 
forms, the f. minor approximating forms of U, implexa in slenderness, 
while f. maxima approaches forms of J7. flacca. As filaments of U. 
pseudoflacca approach the fertile condition, it is difficult to detect 
the gap in the chromatophore. 

Jonsson (1904, pp. 55-57) has reviewed this species as well as 
others of the genus and has made valuable suggestions. He has also 
described a related new species {loc. cit., pp. 57-60, f. 8, 9), Ulothrix 
scutata, which has not been thus far detected among the specimens 
available from our territory. 
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4. Ulothrix laetevirens (Kuetz.) Collins 

Filaments 10-25/Lt diam., two or three often firmly grown together 
laterally, more or less entangled and creeping; with not infrequent 
branches, issuing at a wide angle, and usually much more slender than 
the main filament, of many cells, which are generally 1-3 diam. long ; 
filaments tapering towards the base, the lower cells of the densely 
packed filaments often subparenchymatously united; cells 0.25-0,75 
diam. long, rarely more; chromatophore covering nearly or quite 
all of the cell wall, but thicker at one side, where the pyrenoid is 
situated; zoospores usually 8 in a cell; akinetes formed singly from 
the cells. 

On woodwork between tides. Alaska (Unalaska and Sitka) to 
California (fide Collins). 

Collins, Green Alg. N. A., 1909, p. 186. Schizogonium laetevirens 
Kuetzing, Phyc. Germ., 1845, p. 194. Ulothrix consociata Wille, Stud, 
ueb. Chloroph., I-VII, 1901, p. 25, pi. 2, f. 82-89, Algol. Unters., 
I-VII, 1906, p. 12, pi. 1, f. 30, 31 {fide Collins). 

Collins (1909, p. 186) considers that Schizogmiium laetevirens 
Kuetz. and Ulothrix consociata Wille are identical. He formed his 
opinion after examining a topotype of Kuetzing ’s species. We have 
adopted this opinion, but have formed our idea of the species upon 
the description and figures of Wille. Our specimens show fairly fre- 
quent branches and filaments laterally coalescent. In dimensions, 
both of vegetative and fertile segments and cells, our specimens agree 
closely with the plant described and figures by Wille, The plant has 
a considerable likeness to U, pse'udoflacca Wille, but it is to be dis- 
tinguished by its tendency to branch and to have coalescent filaments. 

FAMILY 12. CHAETOPHOBACEAE dr-toni and levi 

Frond of more or less branched filaments, erect or prostrate, at 
times enclosed in a more or less gelatinous envelope ; cells uninucleate, 
green, without haematochrome, the terminal often acute or forming 
a colorless hair; chromatophore parietal, band-shaped, at times an- 
nular, containing one or more pyrenoids; propagation vegetative, by 
akinetes or by aplanospores ; zoospores of two sorts, macrozoospores 
and microzoospores, 2- 4-ciliated, usually produced from modified 
cells; 2-ciliated isogametes and heterogametes known in some geneia; 
setae of various kinds present in some genera. 
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De-Toni and Levi-Morenos, FI. Alg. Venez., Ill, 1888, p. 171 
(Repr.) ; Blackman and Tansley, Class. Green Alg., 1902, p. 138. 
Chaetophoraideae Harvey, Man. Brit. Alg., 1841, p. 10 (in part). 

The Chaetophoraceae form a family of both fresh-water and marine 
species. The latter are nearly all prostrate epiphytes or endophytes, 
living upon the larger Chlorophyceae, Melanophyceae and Rhodo- 
phyceae. The species of one genus on our coast bores into shells. 
There are doubtless a number of genera and species of this family on 
our coast still awaiting discovery. 

The Chaetophoraceae are generally divided into five tribes, four 
of which are represented on the Pacific Coast. Bvlhocoleon represents 
the Chaetophoreae, Entoc1<idia belongs to the Leptosireae, Ulv€ll<i 
Pseudvlvella and Psevdopringsheimia belong to the Ulvelleae, Oornon- 
tia belongs to the Gomontieae, while Internorctia, Endophyton and 
Pse'iidodictyoii are not definitely placed as yet owing to a lack of 
knowledge of the details of the processes of reproduction. 

Key to the Genera 

1. Cells dividing in one or two planes, forming simple branched filaments 2 

1. Cells dividing in three planes, forming solid branched filaments 

29. Intemoretia (p. 294) 

2. Cells occasionally piliferous 25. Bnlbocoleon (p. 287) 

2. Cells never piliferous 3 

3. Sporangia** with rhizoid-like projections (shell borers) 33. Qomontia (p. 300) 

3. ‘‘Sporangia** rounded, destitute of rhizoid-like projections (not shell borers).... 4 

4. Chromatophorcs destitute of pyrenoids 30. Ulvella (p. 295) 

4. Chromatophores provided with pyrenoids 5 

5. Cells not coalescing to form a pluristratosc layer 6 

5. Cells coalescing to form a pluristratosc layer, at least in center 8 

6. Filaments radiating, often coalescing in the central portion 

26. Entocladia (p. 288) 

6. Filaments not radiating, never coalescing 7 

7. Filaments anastomosing to form a network, endophytic 

28. Psendodietyon (p. 293) 

7. Filaments free, not forming a network, endophytic 27. Endophyton (p. 292) 

8. Thallus destitute of penetrating rhizoids 31. PseudiilvelU (p. 296) 

8. Thallus provided with penetrating rhizoids 

32. Pseadopringsheimia (p. 299) 


25. Bulbocoleon Pringsheim 

Thallus minute, epi- or endophytic in various lubricous or 
gelatinous algae of loose tissues; filaments creeping, branching, of 
irregularly shaped cells, rounded or somewhat elongated horizontally ; 
bearing on the upper sides of the filaments single or clustered rounded 
cells prolonged into long, hyaline, unseptate hairs ; chromatophorc of 
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the non-piliferous cells; plate-like, perforate, with 5-10 pyrenoids, 
that of the piliferous cells, irregular and toothed, with 2 pyrenoids ; 
zoospores ( ?) 2-ciliated, produced from non-piliferous cells somewhat 
enlarged on the upper side. 

Pringsheim, Beitr. z. Morph d. Meeresalg., 1862, p. 1; Collins, 
Green Alg. N. A., 1909, p. 283. 

The species of Bulhocoleon are those members of the Chaeto- 
phoraceae whose cells are in branching filaments which bear groups 
of specialized cells produced into continuous (i.e., non-septate) hairs. 
They are generally endophytic in gelatinous brown and red algae 
and have 2-ciliated zoospores. Little is known of this genus on our 
coast and it seems more than likely that related genera provided with 
hairs may also be found. Careful search and examination should be 
made for Bulhocoleon and other piliferous genera of the family Chaeto- 
phoraceae in and on the gelatinous or lubricous species of brown and 
red algae of our coast. 

Bulbocoleon piliferem Pringsheim 

Non-piliferous cells 12-16/* diam., 2-3 times as long as broad. 

On Cumagloia Andersoniv (Farlow) S.. and G. Southern Califor- 
nia (San Pedro). 

Pringsheim, Beitr. z. Morph, d. Meeresalg., 1862, p. 8, pi. 1 ; Hazen, 
Ul. and Chaet. U. S., 1902, p. 227 ; Collins, Green Alg. N. A., 1909, 
p. 283. 

Thus far, Bulhocolean piliferum has been detected only in the fronds 
of Cuniaglom Andersonii in southern California (San Pedro, Miss 
S. P. Monks, Mrs. H. D. Johnston). It is likely to occur along our 
coast northward to the region of Puget Sound at least, and also on 
other species of algae such as those of Mesogloia, Leathesia, Scyto^ 
siphon^ Chorda, Halfsia, etc. It occurs at times so abundantly as to 
discolor the host, but often is to be found in small quantity, giving 
no outward (or macroscopic) indication of its presence. 

26. Entocladia Reinke 

Plants microscopic, composed of creeping, irregular, much 
branched filaments, without hairs, growing on or within aquatic 
plants; growth mostly by division of terminal cells; chromatophore 
a parietal band with one or more pyrenoids; reproduction by 2- 
4-ciliated zoospores. 
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Reinke, Zwei par. Algen, 1879, p. 476. Endodenna Lagerheim, 
Bidr. Sver. Alg., 1883, p. 74. Entoderma Wille, Chlorophyceae, in 
Engler and Prantl, Natiirl. Pflanzenfam., 1890, p. 94. 

It seems desirable to restore the earlier name of Entocladia, since 
it differs in one letter from the earlier Endocladm J. Ag. (1841) and 
belongs to an entirely different class of algae. There seems, therefore, 
to be little likelihood of any serious confusion. The genus is now 
credited with several species, some of which occasionally possess hairs. 
It seems best to us to restrict the generic name to species without 
hairs. One characteristic of the genus is supposed to be the habitat, 
viz., growing within the cell membranes (or cuticula?) of various 
green, brown and red algae. It does not seem to us that this manner 
of growth ought to receive too great emphasis in determining the 
generic limits. Removal of this, as a criterion of g(*neric distinction, 
would probably result in the combination of the genus Epicladia 
Reinke with the genus Entocladia Reinke. Since we have not as 
yet detected a species of Epicladia on the Pacific Coast, we may leave 
discuasion of this point to others, but we may instance the genus 
Coleochafte as possessing a species endophytic in the membranes of 
the segments of Nitella while most of the rest of the species arc 
epiphytic. 

Key to the Species 


1. Filaments scarcely if at all coalescing 1. E. viridifl (p. 289) 

1. Filaments coalescing, at least at the center 2 

2. Free filaments numerous and long 2. E. codicola (p. 290) 

2. Free filaments few, short 3. E. cingens (p. 291) 


1. Entocladia yiridis Reinke 

Filaments branching freely, S-Sfi diam., cells 1-6 diam. long, 
cylindrical, or more often irregularly swollen and contorted; chromato- 
phore nearly covering the cell wall and containing a single pyrenoid. 

Growing on Callithamnion Pikea/num. Central California (Moss 
Beach, San Mateo Co.). 

Reinke, Zwei par. Algen, 1879, p. 476, pi. 6, f. 6-9. Endoderma 
viride Lagerheim, Bidr. till Sver. Alg., 1883, p. 74 ; Collins, Green Alg. 
N. A., 1909, p. 279; Collins, Holden and Stechell, Phyc. Bor.-Amer. 
(Exsicc.), no. 2236. 

We have not been able to make a satisfactorily extensive study of 
the Entocladia species apparently not uncommon in the cell and other 
membranes of our various marine algae. Consequently- we have 
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neither determined, to our satisfaction, whether true E. viridis occurs 
on our coast nor the number of species of its general type ultimately 
to be found in our territory. We have, therefore, merely recorded 
the specimens already distributed in the Phycotheca Boreali-Ameri- 
cana (no. 2236). 


2. Entocladia codicola S. and O. 

Plate 19, fig. 7 

Filaments light green, branching profusely, at maturity forming 
a continuous layer in the center of the mass with tapering free ends 
around the margin; young cells 3-4ft diam., 1-2.5 times as long, 
terminal cells slender and conical; cells in the center of the thallus 
5-8/4 diam. ; pyrenoids single; reproduction unknown. 

Growing in the membrane, at the tips of the utricles of Codium 
fra{jilc. Central and southern California. 

Setchell and Gardner, Phyc. Cont. I, 1920, p. 293, pi. 24, fig. 7 a, b. 

Entocladia cod/icola seems closely related to Entocladia viridis 
Rcinkc (1879, p. 476, pi. 6, f. 6-9), found growing in the membrane 
of Di rh(ma; but it is a larger plant with the filaments much more 
compact in the center, forming, in fact, a pseudo-parenchymatous disk 
with free filaments around the margin. The cells are shorter than 
those of E, viridis, some being even shorter than the diameter. In 
the pseudo-parenchymatous character of the center of the disklike 
frond it resembles Epicladia Flustrae Reinke (1888, p. 241, nomen 
nudum, 1889, p. 31, pi. 24, 1889a, p. 86), but the dimensions given 
for that species are greater in general than those in ours. Reproduc- 
tive bodies have been observed in the cells of the central portion of 
the disk in E, codicola, but the nature of these, their method of escape, 
and their subsequent behavior have not been determined. Until more 
is known concerning these later phases of the plant, its proper placing 
must remain somewhat in doubt. It is here placed provisionally with 
Entocladia on account of its endophytic habit of growth, rather than 
with Epicladia, which has the habit of growing on the outside of the 
host. This habit of growth seems to be the only one by which the 
two genera are distinguished, so far as the diagnoses reveal. Little, 
however, is known concerning the reproduction in Epicladia, and 
until that matter can be cleared up it can have but little claim to 
generic distinction. Reinke expressed doubt as to the validity of 
the genus when he diagnosed it (1889). Collins (1909) has retained 



1920] 


Setchell-Oardner: Chlorophyceae 


291 


both genera, and under Eiidoderma (Entocladia) has included two 
species, viz. E. Pithophorae West and E, polymorphum West, which 
are epiphytic, and thus, as he remarks {loc. cit,, p. 280), “connects 
Endoderma with Epicladia, but the filaments do not unite to form a 
definite disk.^' 

Entocladia codicola seems to be confined to the coast of California 
and to the above mentioned host plant, at least examination of con- 
siderable material of different species of Codium in different localities, 
ranging from Sitka, Alaska, to southern California, has not revealed 
its presence elsewhere. 


3. Entocladia cingens S. and G. 

Plate 18, fig. 7 

Thallus early forming a pseudo-parenchymatous tissue surround- 
ing the filaments of the host within the membrane, having a few 
marginal filaments extending parallel with the long diameter of the 
host; cells in the center of the thallus nearly isodiametric, 5-8/ti diam., 
enlarging later to form sporangia; cells of the free marginal filaments 
3-4/4 diam., 2-3 times as long as the diameter, tenninal cells long, 
conical. 

Growing within the membrane of Chaetornorpha calif ortiica Wille. 
Southern California (Ocean Beach, near San Diego). 

Setchell and Gardner, Phyc. Cont. I, 1920, p. 292, pi. 23, fig. 7. 

The plants of this species seem to be nearing maturity in December, 
since a few empty cells in the center of the thallus were found from 
which reproductive bodies probably had escaped. Aside from this 
condition, nothing further is known of its method of reproduction. 

Entocladia cingons is placed in this genus on account of the 
resemblance of the vegetative development to that of the type species, 
E. viridis Reinke, and because of the same endophytic habit as that 
species. It differs from E, viridis in having the branching filaments 
more closely coalescent, the enlarging cells in the main part of the 
thallus soon forming a pseudo-parenchymatous tissue, leaving only 
a few free marginal filaments. 

E. viridis, E. codicola, and E. cingens form a well connected series, 
using the vegetative characters as a basis. The first named species 
has a rather wide-spreading thallus, composed of relatively sparsely 
branching filaments, scarcely, if at all, coalescing in the center. In 
the second, the filaments coalesce freely in the center so that at least 
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half of the thallus is formed into a pseudo-parenchymatous tissue at 
the time of reproduction, but leaving an abundance of free branching 
marginal filaments. The thallus of the third is almost wholly trans- 
formed into a pseudo-parenchymatous tissue at maturity, leaving only 
a few free marginal filaments. 


27. Endophyton Gardner 

Filaments sparingly and irregularly branched within the medulla 
of the host, but branching more freely near the surface, sending off 
in addition to horizontal branches many short, erect branches perpen- 
dicular to the frond, the end cells of the perpendicular branches 
becoming the sporangia and growing out to the surface of the host ; 
chromatophore band-shaped; each cell containing a single pyrenoid; 
zoospores pyriform, 2-cyliated. 

Endophytic within the fronds of various species of red algae. 

Gardner, New Chlorophyceae, 1909, p. 371; West, Algae I, 1916, 
p. 304. 

This is a form genus, whose cytology is at present too little known. 
In its habit, it is more thoroughly endophytic than any other genus 
of the Chaetophoraceac, since its filaments traverse the medullary as 
well as the cortical tissues of its hosts. The absence of hairs and 
specialized zoosporangia seem to mark it as distinct. 

Endophyton ramosum Gardner 

Plate 11, figs. 3, 4 

Filaments 4— 6/x diam., tortuous, often very irregular in shape; 
colls 6-8 times longer than broad, cross-walls distinct ; sporangia club- 
shaped, tapering to a point at the outer end, when young 10-12/x 
diam.; zoospores numerous, 3fi diam., escaping through openings in 
the upper ends of the sporangia which grow to the surface of the host ; 
plants occupy small areas a few millimeters in diameter, usually near 
the base of the frond of the host, but may spread promiscuously over 
the entire area of the host. 

Endophytic within the fronds of various species of red algae, e.g., 
Iridaea latninarwidcs, Oiyartina exasperata, etc. Central California 
(San Francisco) and probably farther north. 

Gardner, New Chlorophyceae, 1909, p. 372, pi. 14, f. 3, 4; Collins, 
Green Alg. N. A., 1909, p. 282; Collins, Holden and Setchell, Phyc. 
Bor.-Amer. (Exsicc.), no. 1627. 
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The presence of this endophyte in the fronds of species of IridaeOi 
Qigartina and possibly also of Nitophyllum is indicated externally by 
spots of a much redder color than that of the uninfested portions of 
the host. Its detection at other points than about San Francisco will 
probably follow careful search for it on similar hosts. 


2d. Pseudodictyon Gardner 

Thallus much branched, the main filaments comparatively long and 
tortuous, creeping among the cells of the cortical layer of the host 
plant {Lcmiinarid sp.), branching freely; the branches, usually aris- 
ing at right angles to the main filaments and bending backward among 
the cortical cells, unite into a sort of net; a very short erect branch 
composed of two or three cells aris(*s from practically every cell of 
the horizontal filaments in the central portion of the thallus; the 
uppermost cell of each erect branch becomes a sporangium and grows 
to the surface of the hast; each cell contains a single peripheral 
chromatophore with one pyrenoid ; reproduction unknown. 

Gardner, New Chlorophyccae, 1909, p. 374; West, Algae I, 1916, 
p. 304. 

Since neither the cytology nor the reproduction of the type and 
only species thus far referrc^d to this genus, has been studied, it exists 
merely as a form genus of probably close relationship to Entocladia, 
It is to be hoped that some one having favorable opportunity may add 
much that is desirable to our knowledge of this seemingly very distinct 
endophytic genus. 


Pseudodictyon geniculatum Gardner 
Plate 11, figs. 5, 6 

The young, creeping filaments 3-4/x diam., becoming larger with 
age ; tips of the geniculate filaments seem to coalesce with neighboring 
cells, giving the young plant the appearance of a fine net, the meshes 
enclosing 4-8 cells of the host plant; sporangia 8-12/i diam.; cell 
walls thin and cross walls distinct. 

Growing in abundance in the terminal parts of the blade of 
Laminaria Sinclairii. San Francisco Bay, California. 

Gardner, New Chlorophyccae, 1909, p. 374, pi. 14, f. 5, 6 ; Collins, 
Green Alg. N. A., 1909, p. 283; Collins, Holden and Setchell, Phyc. 
Bor.-Amer. (Exsicc.), no. 1628. 
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The host plant of “a’’ of the above distribution is Laminaria Sin- 
cladrii; and the host of ‘‘b'* of the same distribution is Dictyoneuron 
oalifornictcm. The plants under ‘‘b’* are not quite typical, but with 
our present knowledge seem too closely related to the typical form 
to warrant separation from it. Its life history has not been studied. 
The “net^’ character of the thallus is much less regular than in the 
typical form. This may be due to the character of the cells of the 
host plant. 

29. Intemoretia S. and O. 

Thallus endophytic, consisting of profusely branched filaments, 
at first of a single series of cells increasing by apical divisions per- 
pendicular to the long diameter, but later, by oblique and longitudinal 
divisions, building up cylindrical threads composed of numerous cells 
in cross diameter ; branching at right angles, anastomosing, forming a 
network; chromatophore parietal, with one pyrenoid; reproduction 
unknown. 

Setchell and Gardner, Phj^c. Cont. I, 1920, p. 294. 

The genus Intemoretia was proposed for a peculiar endophyte 
found by Professor T. C. Frj^e, growing within the membranes of 
Porphyra, Its reproduction not having been determined, it is added 
to the numerous form genera of uncertain position and placed pro- 
visionally among the Chaetophoraceae. It resembles Pseudodictyo^i 
Gardner and Zygomitus B. and F. From the former it diffei*s in 
forming solid filaments several cells in thickness. From Zygomitus, 
Intemoretia differs in the greater regularity of its solid portions, and 
in the more uniform network brought about by the regular giving 
off of branches at right angles. 

Intemoretia Fryeana S. and G. 

Plate 18, flgs. 3-6 

Cells of the terminal filaments 3.5-5/a diam., 3-5 times as long, 
apical cell conical; cells of the older part of the thallus isodiametrie, 
angular ; otherwise as the genus. 

Growing within the membrane of Porphyra Naiadum. Friday 
Harbor, Washington. 

Setchel land Gardner, Phyc. Cont. I, 1920, p. 295, pi. 23, figs. 3-6. 

This most interesting little plant is as yet known only from the 
collections and observations of Professor T. C. Frye. It generally 
occurs in such abundance as to discolor the host plant. In some years 
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it is very common, discoloring most of the plants of Porphyra in the 
neighborhood of the Puget Sound Marine Station, while in other years 
it is difficult to find any plants at all. 

30. Ulvella Crouan 

Thalli forming small disks on larger plants or other objects, firmly 
attached by the under surface, unistratose at first, later, at times, 
pluristratose, of radiating, laterally united, dichotomous filaments; 
segments multinucleate, with parietal chromatophorc and no pyre- 
noid ; 2-ciliated zoospores formed in the central cells, 4-8-16 in a cell, 
escaping by an opening at the top. 

Crouan, Notice sur quelq. nouv. algues iViar., 1859, p. 288, pi. 22, 
f. E ; Wille, Nachtrage, 1909, p. 89. 

The genus Ulvella is based upon UlveUa Lem, found growing upon 
bits of porcelain and glass at Brest, France. The original specimens 
have been examined by Huber (1893, p. 295), who has figured the 
type {loc. cit,, pi. 11, f. 4-6) and added to our knowledge of its 
morphology and cell structure. It is a prostrate, unistratose or 
paucistratose, discoid plant composed of radiating filaments with no 
trace of hairs and whose terminal cells fork before dividing. The 
chromatophoi*e is single and devoid of a pyrenoid. Nothing is known 
of the reproduction of the type of the species. It has come to be 
generally accepted that Derniatophytoiv radiam Peter, a species inhab- 
iting the carapaces of fresh water tortoises in southwestern Europe, 
is also to be referred to Ulvella (cf. Schmidle, 1899, Wille, 1909, 
p. 89) and the characters of multinucleate “ cells and 2-ciliated 
zoospores considered to be characteristic for the genus. Unfortunately, 
we do not know whether these characters hold for the type species, 
Ulvella Lens, We also unfortunately do not know whether they hold 
for the single species of our coast which we are inclined to refer und(jr 
this genus and also to Ulvella Le^ns, It is to be hoped that further 
information may be obtained at some favorable opportunity. 

Ulvella Lens Crouan 

Plate 33 

Thallus orbicular, bright green, 150-250/*, up to 1.5 mm. diam. ; 
marginal segments usually cuneate, 3.5-4.5/* diam., 15-25/* long with 
terminal growth, central segments 8-15/* diam. 

Growing firmly attached to Laurencia sp. in the upper sublittoral 
belt. Central California (Pacific Grove). 
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Crouan, loc. cit.; Huber, Contributions des Ghaetophorees, 1892, 
p. 294 et seq., pi. 11, f. 4-6; Collins, Green Alg. N. A., 1909, p. 286; 
Wille, Nachtrage, 1909, p. 89. 

We feel compelled to refer here a plant found in abundance on a 
species of Laurenda at Pacific Grove, California, in July. In gen- 
eral appearance, in structure, in dimensions of the cells and manner 
of peripheral growth, the specimens correspond exactly with the 
figures and description of Huber {loc, cit,) for the type material of 
Ulvella Lens, Our plants, however, have only been detected, thus 
far, as epiphytes. We have seen, in our preserved material, the central 
cells both empty and divided into 8 rounded bodies, probably zoo- 
spores. Unfortunately we have not preserved specimens in a con- 
dition suitable for the study of the number of nuclei in the cells. 


31. PseudulveUa Wille 

ThalH forming small disks, composed of radiating filaments closely 
placed, coalescent and finally more or less loosely pluristratose towards 
the center, unistratose and more or less free and dichotomous towards 
the periphery ; cells uninucleate, with a single parietal chromatophore 
containing a single pyrenoid ; zoospores 4-ciliated. 

Wille, Nachtrage, 1909, p. 90. Ulvella Snow, Ulvella amcricana 
1899, p. 309 (in part). 

The genus PseudulveUa is said to differ from Ulvella in that the 
cells of its species have only a single nucleus, the chromatophore has 
a single pyrenoid and the zoospores are 4-ciliated. It is said to differ 
from Pseudopring sheimiu in the lack of rhizoid-like filaments which 
penetrate the host. It is placed by Wille {loc, cit,, p. 79) among the 
genera whose species lack hairs, although Snow (1899, p. 310) says 
that “in quite a number of cases, long gelatinous hairs extended from 
the surface” in the type species, Ulvella amiericana Snow. This state- 
ment as to hairs undoubtedly led Collins (1909, p. 289) to refer the 
Ulvella atnericania Snow to Chaetopeltis, Since Snow does not figure 
the hairs and the statement seems little convincing, we are inclined 
to follow Wille in presuming that no hairs are present. 

Key to the Species 

1. Basal layer of more or less distinctly radiating filaments 2 

1. Basal layer distinctly parenchymatous 3. P. applmata (p. 2?8) 

2. Radiating filaments loosely coalescent 1. P. prostrata (p. 297) 

2. Radiating filaments closely coalescent 2. P. eonsodata (p. 297) 
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1. Pseudulvella prostrata (Gardner) S. and Q. 

Plate 11, figs. 1, 2 

Thallus 2-3 mm. diam. consisting of 2-3 layers of cells in the 
center, but of a single layer at the margin, formed by branching fila- 
ments growing out radially on the host, coalescing in the central part 
of the thallus but free from each other around the margin, and 
adhering very firmly to the host; filaments branched, 6-7/Lt diam., 
nearly uniform in diameter throughout their entire length ; cells 
quadrate in the center of the thallus, those at the outer ends of the 
filaments 1.5-2.5 times as long as broad ; color very dark green ; end 
cells blunt, each containing a single peripheral chromatophore and 
one pyrenoid. 

Growing on the basal portion of Iridaea Inminarioides, Central 
California (Lands End, San Francisco). 

Setchell and Gardner, Phyc. Cont. I, 1920, p. 295. Ulvella pros- 
trata Gardner, New Chlorophyceae, 1909, p. 373, pi. 14, f. 1, 2 ; Collins, 
Green Alg. N. A., 1909, p. 287 ; Collins, Holden and Setchell, Phyc. 
Bor.-Amer. (Exsicc.), no. 1629. 

Although we know too little of the Ulvella prostrata Gardner both 
from the point of view of its cytology and of the nature of its zoo- 
spores, it cannot remain in lIh)eUa because of the presence of a 
pyrenoid in the chromatophore. Tt does not possess the penetrating 
rhizoidal filaments supposed to be characteristic of Pseudopring - 
sheimia. It does, however, resemble Pseudulvella ammeana (Snow) 
Wille sufficiently closely in its general structure to be referred to 
the same genus for the present at least. 


2. Pseudulvella consociata S. and G. 

Plate 19, figs. 4-6 

Thallus irregular in size and in outline, 100-140/a thick, increasing 
by irregular and obscurely radiating filaments early coalescing and 
becoming parenchymatous; color dark green; erect filaments firmly 
coalescent, 7-10/a diam., cells nearly cylindrical, slightly irregular in 
form, 1-2 times as long as the diameter; zoosporangia (t) terminal, 
pyriform to spherical, producing 8 zoospores. 

Growing on the shells of llyanassa obsolete Say. Central Cali- 
fornia (Bay Farm Island, Alameda). 

Setchell and Gardner, Phyc. Cont. I, 1920, p. 296, pi. 24, fig. 4-6. 
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The shells of Ilyanassa obsoleta were introduced some years ago 
along with oysters from the Atlantic coast of North America, and 
possibly the plant here described was introduced with the host. 

The comparison of this species with others will be found included 
in the discussion under P. applanaia. 


3. Pseudulvella applanata S. and G. 

Thallus thin, parenchymatous, spreading by marginal growth, 
expanded to several mm. in diam., smooth and glossy, 45-55ft thick; 
color grass green; cells in fairly regular vertical rows nearly iso- 
diametric, sharply angled, 6-7.5/I. diam. ; chromatophorc covering the 
cell wall, provided with one pyrenoid; zoosporangia (?) slightly modir 
fled surface cells; reproduction unknown 

Growing on the shells of Littorina pla^uixis Nutt. Central Cali- 
fornia. 

Setchell and Gardner, Phyc. Cont. I, 1920, p. 295. 

Littorina planaxis is very abundant in small tide pools and in 
moist places along high-tide level from Sitka to San Diego. Pseudul- 
vclla applanata has been studied only on material found along the 
coast of central California, but it is presumed to have a much wider 
distribution. 

Its presence on tlie host is readily recognizable by its expanded, 
grass green, glossy appearance. Microscopically it may readily be 
distinguished from all other descrilied species of the genus by its very 
small, closely compact, parenchymatous cells, and its seeming absence 
of radiating filaments composing the basal layer. It spreads over 
the host by tangential and by radial divisions of the peripheral cells, 
at least it can thus be stated when the plant is of considerable size. 
It probably starts on the very young host, and doubtless many plants 
early coalesce to form a confluent thallus. We have never been able 
to ascertain the nature of the early developmental stages, although 
even very small shells have been examined. 

Reproductive bodies have been seen to escape from the surface 
cells. Whether they are zoospores or gametes, the number of cilia they 
posses, and their behavior after escaping are subjects for further 
investigation. 

The three species of Pseudulvdla treated of in this paper may 
be arranged, so far as the basal layer is concerned, in the follow- 
ing sequence: P. prostrata, with distinctly radiating basal filaments 
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which branch rather frequently and which are comparatively loosely 
coalescent; P. comociata, with indistinctly radiating basal filaments 
closely coalescent; and P. applanata^, with a parenchymatous basal 
layer. 


32. Pseudopringsheimia Wille 

Thallus cushion-shaped, epiphytic, often penetrating the hosts at 
intervals, or growing upon the shells of mollusks; increase in diameter 
produced by terminal growth of radiating filaments branching fre- 
(juently and coalescing to form a parenchymatous basal layer ; increase 
in thickness produced by horizontal divisions of the cells of the basal 
layer forming a mass of erect filaments sometimes branching in turn ; 
cells without hairs containing one chromatophorc in the outer end, 
and one pyrenoid ; zoosporangia mostly terminal on the erect filaments 
or occasionally subterminal as well. 

Wille, Nachtrage, 1909, pp. 88, 89. 

The genus Pseudopringsheimia was founded on the two species, 
Ulvell^ confl%ens Rosenv. and U, fuckola Rosenv. The particular 
characteristic separating the genus, especially from Pseudulvella Wille 
is the presence of rhizoidal outgrowths from the base penetrating the 
host plant. In other respects the species of Pseudopritigsheimia closely 
resemble those of Pseudulvella, It is a (piestion as to how important 
such structures as penetrating rhizoids should be estimated as being 
in separating genera, but since Wille has separated the two genera 
and since we have altogether too little knowledge of their reproductive 
processes, it seems best to recognize both for the present. 

Pseudopringsheimia apiculata S. and G. 

Plate 17, figs. 1, 2 

Thallus minute, 145-160/1 thick, hemispherical when alone, but 
often with many crowded closely together forming a continuous 
stratum 2-3 mm. diam.; color bright green; erect filaments 8-12/i 
diam., composed of 9-12 cylindrical or slightly swollen cells; rhizoids 
aggregated into short conical fascicles; zoosporangia ( t) producing 
8 zoospores, terminal, slightly swollen, varying from convex to de- 
cidedly apiculate; zoospores (?) 4-ciliated. 

Growing on the rhachis and the cysts of Egregia Memiesii. Cen- 
tral California. 

Setchell and Garnder, Phyc. Cont. I, 1920, p. 297, pi. 22, figs. 1, 2. 
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Pseudopringsheirnia apiculaia is closely related to P. confluens 
( Rosen V.) Wille. The most conspicuous difference is to be found 
in the shape and size of the zoosporangia, if the terminal reproductive 
cells are to be designated as such. Those of P. confluens are long 
and comparatively narrow, and produce 30-40 zoospores, while in 
P. apiculaia they are shorter, somewhat swollen, mostly with a pro- 
nounced terminal projection, and produce about 8 zoospores. These 
reproductive bodies are very small, and it is exceedingly difficult to 
determine the number of cilia. On one occasion four cilia were 
observed but the reproductive bodies seemed a little larger and some- 
what more irregular in form than the average. These may have been 
the zygotes formed by the fusion of 2-ciliatcd gametes, but had not 
yet come to rest. 


33. Oomontia Horn, and Flah. 

Thallus consisting of creeping, freely branched, septate filaments, 
from the under side of which many erect, more or less branched fila- 
ments arise; cells irregular in shape and size, uninucleate, occasionally 
multinucleate, with parietal, band-form or shield-shaped chromato- 
phore covering the whole or part of the cell, or a network extending 
through the cell, with one or two pyrenoids; reproduction by zoo- 
sporangia, producing a few egg-shaped zoospores with 4 cilia, by 
large, irregularly shaped, thick walled, gametangia ( ?) with rhizoidal 
outgrowths, producing 2-Giliated gametes ( ?) whose conjugation is 
unknown, and by similar large cells producing aplanospores. 

Bomet and Flahault, Note sur deux algues, 1888, p. 163 (Repr., 
p. 5) ; Sur quelq. pi. viv. dans le test calc., 1889, pp. clii-clx, pi. 6-8, 
10, fig. 3. 

The genus Oomontia is composed of species having the peculiar 
and presumably distinctive habit of boring into calcareous material. 
They are usually to be found boring into shells of mollusks, chiefly 
lamellibranchs, of both fresh and salt waters. One species (6. codio- 
lifera (Chodat) Wille), however, bores (?) into limestone rocks. We 
have considered, as chief characteristic of this genus, the formation 
of large sporangia” (gametangia ( f) and aplanosporangia) which 
are usually provided with one or more rhizoid-like appendages. In 
some species, however, there seem to be no such appendages (e.g., 
O. arrkiza Hariot ) . The * * sporangia” arise as segments of the branch- 
ing filaments. These segments enlarge and give off processes, finally 
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the walls thicken more or less and the ‘‘rhizoids’’ often thicken so 
as to become entirely solid or, at least, throughout the greater portion. 
The ‘‘sporangia^’ vary considerably in shape and size, even in speci- 
mens inhabiting the same shell, and at times exhibit extraordinary 
differences, but at other times closely follow a particular type. It 
has been puzzling to us to interpret this variation. As a result of 
considerable experience, however, we are inclined to lay more stress 
on distinctions of form and size in the “sporangia’' than has been 
done by others. 

In connection with any attempt to examine carefully and critically 
the various specimens of Oonimtm as to their identity with, or dis- 
tinctness from, the eight or more species already described, it has 
become necessary to examine carefully the type of the species, viz., 
Gonumtia polyrkka (Lager.) B. and P. We have two sources of 
information as to the type species, viz., the original description and 
figures of Lagerheim (1885) and the careful and detailed description 
and figures of Bornet and Flaliault (1888). For reasons which we 
shall give below, we are inclined to suspect that the plant of Bornet 
and Flaliault is a different species from that of Lagerheim, and our 
suspicion is so strong that we have felt it necessary (cf. Setchell and 
Gardner, 1920, p. 298) to bestow upon it a new specjific name, viz., 
G. Bornetii S. and G. In carrying out the idea that the “sporangia" 
furnish diagnostic characters, we have separated several species which 
present difficulties, to be sure, in narrow diagnosis, but which seem 
rather more satisfying than the attempt to lump all under the one 
name. The explanation of the variability may possibly be that the 
different texture of the various species of shells, or of different portions 
of the same shell, affect the size and shape, but there does not seem 
to be evidence forthcoming to support this idea. It seems possible that 
two, or even more, species may be inhabitants of the same shells and 
thus cause an intermingling of different types of “sporangia." In 
our attempt to clear up the situation, we have assumed the possibili- 
ties of distinct species, at times, intermingled. 

Key to the Species 


1. '^Sporangia” with 2 to several rhizoids 2 

1. Sporangia” usually with a single rhizoid 4. G. candatE (p. 304) 

2. ^^Sporangia” longer than broad (Codiolum-type)....l. G. poljrhiia (p. 302) 

2. '^Sporangia” broader than long (Acarid-type) 3 

3. Rhizoids nearly simple, stout, blunt 2. G. Bornetii (p. 302) 

3. Rhizoids branched, slender, acute 3. G. habrorhiia (p. 304) 
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1. Qomontia polyrhiza (Lagerh.) B. and F. 

Plate 19, flg. 1 

“ Sporangia'’ irregularly and broadly clavate to nearly cylindrical, 
up to 150/4 diam., and 240/i long, producing usually several blunt, at 
times slightly branched rhizoids at the smaller (proximal) end. 

Growing in clam shells. Neah Bay, Washington. 

Bornet and Flahault, Note sur deux nouveaux genres d'algues per- 
forantes, 1888, pp. 161-163, Sur quelq. pi. viv. dans le test, calc., 1889, 
pp. clii-clx, pi. 6-8 (as to combination only) ; Setchell and Gardner, 
Phyc. Cont. I, 1920, p. 298, pi. 24, fig. 1. Codiolum polyrhizum Lager- 
heim, Cod. poly. n. sp. etc., 1885 (at least in greater part). 

The above description is taken in part from the original of Lager- 
heim and in part from the material collected at Neah Bay. The 
material from which Lagerheim drew his description was apparently 
in the sporangial stage exclusively, as least he did not recognize a 
sterile, or vegetative stage. The Neah Bay material, collected in May, 
is likewise in a reproductive stage, or if the vegetative stage is present, 
it and the sporangial stage could not be identified as belonging to the 
same species, hence the incompleteness of the description. 

The “sporangia” approximate so closely to the figures (especially 
figs. 10, 11) and the description of Lagerheim as to make it sufficiently 
safe to ally our plant with his and to keep it distinct from the O, poly- 
rhiza of Bornet and Flahault (G. Bormtii S. and G.). 

The filaments of this species have been examined by us in a speci- 
men distributed by Reiiibold from Keil. Reinbold's specimens have 
“sporangia” largely of the Codialuni’typey both old and young, but 
it also has an occasional “sporangium” of the Acrid-type (apparently 
good 0. BornHii), Since Reinbold's locality is not far distant from 
Lagerheim 's type locality, it seems extremely probable that his plant 
is true O, polyrhiza. The filaments in Reinbold’s specimens are so 
close to those of G. Borneiii as figured by Bornet and Flahault {loc. 
cit.) as to be indistinguishable. 


2. Qomontia Bornetii S. and G. 

Horizontal filaments irregular, much branched, erect filaments with 
clavate ends, less branched; cells 4-12/4, most frequently 6/4 diam., 
15-55/4 long, cylindrical to more or less swollen and crooked; “sporan- 
gia” variable and irregular in form, 80-125/4 wide, 150-200/4 long. 
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having numerous blunt, mostly simple rhizoids arising principally 
on one side, but occasionally promiscuously scattered all over the 
sporangia ; zoospores of two sorts, one 3.5/* wide and 5/* long, the other 
5-6/* wide and 10-12/* long, development unknown; aplanospores 
4/* diam. 

Growing in clam shells. Neali Bay, Washington. 

Setchell and Gardner, Phyc. Cont. I, 1920, p. 298. 

Oamontia polyrhiza Bornet and Flahault, Notes sur deux nouveaux 
genres d’algues perforantes, 1888, pp. 161-163 (pp. 3-5, repr.), Sur 
quelq. pi. viv. dans le test, calc., 1889, pp. clii-clx, pi. 6-8 (not Codi- 
alum polyrhiza Lagerheim) . 

Bornet and Flahault (1889) distinctly state (p. civ) that the 
greatest dimensions of the “sporangia” in their specimens are 120/* 
for the height and 75/* for the width and mention that Lagerheim 
found “sporangia” in his specimens up to 240/* in height and 60/* 
in breadth. We judge, therefore, that the Codiolum-type of “sporan- 
gium” which Lagerheim figures (1885, pi. 28, figs. 10, 11 in particu- 
lar) and describes (^*plerumqve plus mums elo^igatis/* loc. cit, p. 22) 
was not to be found in the French material and certainly is not 
illustrated by Bornet and Flahault, unless figure 9 on plate 7 may 
represent it. The type of “sporangium” illustrated by Bornet and 
Flahault (1889, pi. 7, 8) belongs to the shorter and broader type, the 
Acarid-type as it may be called, and has blunt, simple or slightly 
branched rhizoids. Lagerheim {loc. cit., pi. 28, figs. 7, 8, 12, 13) has 
also figured “sporangia” of the true Acarid-type and probably found 
a mixture of species in the shells he examined. Since, however, he 
emphasizes the elongated, or Codiolum-type of “sporangia,” it seems 
best to reserve his specific name for the species with the Codiolum-type 
of “sporangium” and assign the new specific name {BornetU S. and 
G.) to the species having the Acarid-type of “sporangium” and with 
blunt, rather stout, simple or, at most, slightly branched rhizoids. 

The filaments of O. Bometii are well represented by Bornet and 
Flahault (1889, pi. 6, figs. 1-8) and by their usually large number 
of short blunt or almost bulbously enlarged branchlets and their com- 
pact massing, make a characteristic appearance after decalcification. 
They are very similar to those of O. polyrhiza so far as we may deter- 
mine, but somewhat different from those of O. hahrorhiza, although 
this difference is not readily described. 

While we find what seems referable to 0. Bometii in the Puget 
Sound region and that of central California, we desire more abundant 
and more decisive material to make us certain. 
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3. Gomontia habrorhiza S. and G. 

Plate 19, figs. 2, 3 

Filaments repeatedly and irregularly branched ; cells very variable 
in form and size, typically cylindrical, 4-7/1 diam., 2-8 times as long ; 
chromatophore without pyrenoids, filling the cell; “sporangia” nar- 
row to wide, bluntly conical, 50-70/1 high, 25-60/1 wide, developing 
many very slender, attenuate, dendritically branched rhizoids from 
the lower side ; reproduction unknown. 

Growing in dead clam shells. Neah Bay, Washington. 

Setchell and Gardner, Phyc. Cont. 1, 1920, p. 299, pi. 24, figs. 2, 3. 

In certain shells from Neah Bay we have found all the “sporan- 
gia” of the Acarid-type and with the processes or rhizoids slender, 
branched, and attenuated to a point. The “sporangia” seem so 
distinct from those of O. Bornetii that we described the plaint possess- 
ing them as new. In some shells, we have found the “sporangia” of 
this species intermingled with others. The vegetative filaments of 
G. habrorhiza seem less entangled and slightly larger than those of 
either G. polyrhiza or G. Bornetii, 


4. Gomontia caudata S. and G. 

Plate 18, figs. 1, 2 

Filaments short, sparsely branched; cells 5.5-6.5/x diam., 2-12 
times as long; chromatophore covering tlic terminal cells and young 
“sporangia,” broken in the older cells; pyrenoids inconspicuous; 
“sporangia” clavate, 50-70/* diam., 160-200^ long, tapering to a single 
rhizoid below with thick, hyaline, homogeneous wall at maturity; 
rhizoid often becoming much thickened and striated. 

Growing in shells of MytUus californicus, Neah Bay, Washington. 

Setchell and Gardner, Phyc. Cont., 1920, p. 300, pi. 23, figs. 1, 2. 

We have found in shells of the larger edible mussel of our coast 
a Oomontia with filaments seemingly less abundantly branched and 
“sporangia” (aplanosporangiaf) with very thick walls and with a 
single long rhizoid (cf. pi. 18, figs. 1, 2). These “sporangia”’ bear a 
certain resemblance to the “cells” figured by Lagerheim (1885, pi. 28, 
fig. 4, 6) but are, at least, thicker walled. The fact which seemed to 
indicate distinctness was that only this type of “sporangium” wa:. 
found in the shells examined. 
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FAMILY 13. TRENTBPOHLIACBAE db-toni 

Thalli filamentous, branched, forming diffuse or feltlike tufts or 
expansions, in some genera compact and discoidal; cells with one to 
several nuclei ; chromatophore single and band-shaped or several and 
lenticular, the chlorophyll masked by haematochrome ; zoosporaiigia 
borne on geniculate or hooked cells, usually deciduous and producing 
2-ciliated zoospores; gametangia terminal or intercalary producing 
2-ciliated gametes. 

De-Toni, Consp. gen. Chloroph., 1888, p. 449; Hansgirg, Ueber 
Gatt. Ilerposteiron, etc., 1888, p. 222; Collins, Green Alg. N. A., 1909, 
p. 315; West, Algae I, 1916, p. 305. ChrooUpidacene Borzi, Stud. 
Alg., fasc. 1, 1883, p. 25 (in part). 

More recent authors agree in separating Trentepohliaceae from 
Chactophoraceae, principally on account of habitat and the presence 
of haematochrome in the celJs, masking the gre(‘n of the chlorophyll 
and giving an orange-red or yellow color to the meinbc^rs of this family. 
The plants belonging to Trentepohliaceae are usually epiphytic, or 
partially endophytic, but some species of Trentepohlia grow upon 
rocks. Only one member of the family affects, at times, a habitat 
subject to the direct action of the sea water. Since that member has 
been found in a marine situation on our coast, we feel compelled to 
include an account of it. 


34. Trentepohlia Mart. 

Frond composed of dichotomously or irregularly branched, erect 
filaments of a single series of cells, arising from irregularly branched 
creeping filaments; branches arising either from the middle or from 
the upper ends of the cells ; color greenish at times in active vegetative 
condition, changing to yellowish or red, fading to white when dried 
and dead; cells cylindrical to spherical with thick hyaline walls; 
chromatophore without pyrenoid, band-shaped or broken; reproduc- 
tion by 2-ciliated zoospores in sporangia borne on special hooked or 
curved cells, and by 2-ciliated gametes in lateral, terminal or inter- 
calary transformed vegetative cells. 

Martins, Flora Cryptog. Erlang., 1817, p. 351. 

The members of this genus are usually found upon wood or the 
trunks of trees, although certain species are found upon rocks. The 
rock-inhabiting species as well as those found upon trees, are of 
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frequent occurrence in the maritime region, especially where fogs 
are frequent. Only one species, however, is said to be found where 
actually immersed at high tide and that grows upon wood. The aerial 
species on rocks and wood are often conspicuous, forming broad 
patches of yellow or deep orange-red upon the rocks or tree trunks. 
Those visiting the shore in search of marine algae are very likely to 
encounter some of these species. 


Trentepohlia odorata var. umbrina (Kuetz.) Ilariot 

Filaments forming a more or less dense, at times pulverulent or 
tomentose stratum, without marked distinction between prostrate and 
erect positions, flexuous, somewhat torulose, with short branches ; color 
green, varying to brownish or orange-red; cells varying from cylin- 
drical to ovoid, 10-30/1 diam., l-l.S/i times as long; cell w&ll thin when 
young, becoming thick and lamellate with age; gametangia spherical 
to ellipsoid, lateral, terminal or intercalary, 20-30/1 diam. ; sporangia 
similar to gametangia. 

Growing on piles of Douglas Fir {Pseudotsiiga taxifolia) along 
high-tide level. Breakwater, San Pedro Harbor, Los Angeles County, 
California. 

Hariot, Notes sur le genre Trentepohlia^ 1889, pp. 400-403; Col- 
lins, Green Alg. N. A., 1909, p. 319. Collins, Holden and Setchell, 
Phyc. Bor.-Amer. (Bxsicc.), no. 2288. Chroolepus umbrinum Kuetz- 
ing, Phyc. Gen., 1843, p. 283, pi. 7, f. 2. Trentepohlia umbrina var. 
quercina Collins, Holden and Setchell, Phyc. Bor.-Amer. (Exsicc.), 
no. 662. 

One of us (Gardner) has found what certainly seems to be this 
species growing on piles of Douglas Fir {Pseudotsiiga taxifolia) along 
high-tide level and above, but where frequently immersed in or 
splashed by the sea water. The zone affected by the tide was of 
green color, but above, where contact with salt water was less frequent, 
the color was deep orange. The locality was observed on two occasions 
several years apart, and the Trentepohlia found persisting. The 
filaments are to be found mostly within the empty wood cells of the 
piles. 
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Collins, F. S. 

1902. The marine Cladophoras of New England. Rhodora, vol. 4, no. 42. 

1903. The Ulvaceao of North America. Rhodora, vol. 5, p. 1, pis. 41-43. 

1906. New species, etc., in the Phy cotheca Bo real i -Americana. Rhodora, 

vol. 8, no. 90, pp. 104-113. 

1907. Some new green algae. Rhodora, vol. 9, p. 155. 

1909. The green algae of North America. Tufts College Studies, vol. 2, no. 3, 

Scicntic Series. Mass. 

1909a. New species of CIndophora. Rhodora, vol. 11, pp. 17-20, pi. 78. 

1912. The green algae uf North America, Supplement I. Tufts College 

Studies, vol. 3, no. 2, Scientific Series. Mass. 

1913. The marine algae of Vancouver Island. Canada Geological Survey. 

Victoria Memorial Museum, Bulletin no. 1, pp. 99-137. Victoria, 
B. C. 

1918. The green algae of North America, Supplement II, Tufts College 
Studies, vol. 4, no. 7, Scientific Series. Mass. 

Collins, F. S., Holden, I., and Setchell, W. A. 

1895-1917. Phyeotheca Boreali-Americana. Fasc. 1-45 and A-E. (Ezsicc.). 
Malden, Mass. 
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Cotton, A. D. 

1912. Clare Island Survey, part 15, Marine Algae. Proc. Boy. Irish Acad., 
vol. 31, pp. 1-178, pis. 1-11. Dublin. 

CoviLLE, P. V., and Bose, J. N. 

1898. List of plants collected by Dr. and Mrs. Leonard Stejneger on the 
Commander Islands during 1895-1897, in Jordan, Fur seals and fur 
seal islands, vol. 4, p. 352. 

Crouan, P. L., and H. M. 

1859. Notes sur quelquos esp^ces et genres nouveaux d’algues marino de la 
rade de Brest. Ann. Sci. Nat., 4 s^r., Bot., vol. 12, p. 288. 

Davis, B. M. 

1908. Spore formation in Derhesia, Annals of Botany, vol. 22, p. 1. 
Decaisne, J. 

1841. Plantes de 1 ’Arable heurouse recucill^s par M. P. £. Botta. Arch. du. 

Mus., vol. 2, p. 89. Paris. 

1842. Essai sur une classification des algucs et des poly piers calcifdros de 

Lamouroux. Ann. Sci. Nat., 2 sfir. Bot., vol. 17, p. 297. 

1842a. M4moiro sur les corallines ou polypiers calcifdrcs. Ann. Sci. Nat., 2 
s^r. Bot., vol. 18, p. 96. 

De Candolle, A. P. 

1801. Extrait d’un rapport sur les Confcrves, fait k la SociStd Philomathique 
par C. C. Docandolle. Bull. Sci. Soc. Phil., no. 51, p. 17. Paris. 
Delile, a. B. 

1813. Flore d’Egypte. Paris. 

De Notaris, G. 

1846. Novita algologpche (Prospeito della Flora ligitstica nella Descrisione 
di Genova e del Genovesato, publicata per cura del Municipio di 
Genova in occasione del Congresso degli scionziati italiaui teuuto in 
questa cittfi nell’anno 1846), con 1 tav. Genoa. 

DesmaziI:bes, J. B. H. J. 

1825. Plantes cryptogamos du nord de la France. Fasc. 1 (Exsicc.). Lille. 
Desvaux, N. a. 

1813-1814. Journal de botaiiique appliqu6e h 1 ’agriculture, k la pharmacie, 
k la m4decino et aux arts. 4 vols. Paris. 

Db-Toni, j. B. (or G. B.) 

1888. Conspectus generum Chlorophycearuni omnium hucusque cognitorum. 

Notarisia, ann. Ill, no. 10, pp. 447-453. Venice. 

1889. Sylloge Algarum. Vol. 1, sec. I, II, Chlorophyceae. 

1895. Phyceae Jajonicae novae, addita enumeratione algarum in ditione mari- 
tima Japoniae hucusque collectarum. Mem. B. 1st. Veneto, sci. lett. 
ed arti. Vol. 25, no. 5. Venice. 

De-Toni, J. B. (or G. B.), and Lfvi-Morenob, D. 

1888. Flora algologica della Venezia, part III, Le Cloroficee. Atti B. Ist. 

Veneto, ser. 4, vol. 5, pp. 1511-1593; vol. 6, pp. 95-155 and 289-350. 
Venice. 

Dillenius, j. j. 

1741. Historia muscorum, in qua circiter sex centae species veteres et novae 
ad sua genera relatae describunter, et iconibus genuinis illustrantur ; 
com appendice et indice synonymorum. Oxonii. 
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Dillwyn, L. W. 

1802-1809. British Confervae or coloured figures and descriptions of the Brit- 
ish plants referred by Botanists to the genus Conferva, London. 

[The title page as above is dated 1809, then follow two pages 
of the '^Preface to the First Fasciculus,” dated June 1, 1802, which 
is also a sort of advertisement. There are 87 consecutively numbered 
pages of Introduction, ” discussions of the systems of Roth, 
Vaucher, De Candolle and Hudson, and a “Synopsis of tho British 
Confervae.” The five pages of Index of this portion are unnum- 
bered. These 87 pages, index and title page were issued probably 
late in 1809. There are 109 plates consecutively numbered, and 
mostly dated as to issue, together with one or more pages of text 
for each species figured. The plates and leaflets of text were 
undoubtedly issued in fascicles, some of which were numbered, and at 
various dates. Finally there are five “supplementary plates,” done 
in a very different style from the others and labelled from A-G. 
They are not dated neither are they accompanied by leaflets of text 
as are the other 109 plates. From the dates on the plates and the 
fascicle numbers at the bottom of some of the descriptive leaflets, 
the work was probably issuo<l as follows: 

1802, June 1, “Preface to the First Fasciculus.” 

1802, July 1, Fasciculus I, text and plates 1-12. 

1802, Nov. 1, Fasciculus 2, text and plates 13-20. 

1803, Juno 1, Fasciculus 3, text and plates 21-32. 

1803, Nov. 1, Fasciculus 4, text and plates 33-38. 

1804, Dec. 1, Fasciculus 5, text and plates 39-44. 

1805, Sept. 1, Fasciculus 6, text and plates 45-50. 

1805, Dec. 1, Fasciculus 7, text and plates 51-56. 

1806, Mar. 1, Fasciculus 8, text and plates 57-62. 

1806, June 1, Fasciculus 9, text and plates 03-68. 

1806, Sept. 1, Fasciculus 10, text and plates 70-75. 

1806, Dec. 1, Fasciculus 11, text and plates 76-81. 

1807, Mar. 1, Fasciculus 12, text and plates 82-87. 

1807, June 1, Fasciculus 13, text and plates 88-93. 

1808, July 1, Fasciculus 14, text and plates 94-99. 

1909, (Feb. 20/), Fasciculus 15, text and plates 100-105. 

1809, f. Fasciculus 16, text and plates 69 and 106-109. 

1909, f, Fasciculus 16 f, supplementary plates A-O. 

1809, Title page, 87 pages of text, and 5 pages of index.] 

Don, G. 

1831-1838. A general history of the diclamydeous plants comprising complete 
descriptions of the different orders, etc. 

1831, vol. 1. 

1832, vol. 2. 

1834, vol. 3. 

1838, vol. 4. 

[The first three volumes are entitled “A general system of gar- 
dening and botany, etc.,” the fourth volume only having the above 
title. The title of the first three volumes is frequently quoted as 
”Gen. Syst.”] 

Dumortieb, B. C. 

1822. Commentations botanicae (Observationes botaniques) (1823). Tournay. 

1829. Analyse des families des plantes avec 1 'indication des principaux genres, 
qui s'y rattachent. Tournay. 



312 


University of CaUfomia Publications in Botany [you 8 


English Botany, or coloured figures of British plants with their essential char- 

1790-1814. acters, synonymes, and places of growth, to which will be added 
occasional remarks by James Edward Smith. The figures by 
James Sowerby. Vols. 1-36. London. 

Paklow, W. G. 

1881. Marine algae of New England and adjacent coast. Beport of the 
U. S. Fish Comm, for 1879. Washington. 

Parlow, W. G., Anderson, C. L., and Eaton, D. C. 

1877-1889. Algae Exsiccatac Amerieae-Borealis. Pasc. 1-5. Boston. 

Forster, J. R, and O. 

1776. Characteres generum plantarum quas in itinerc ad insulas maris Aus- 
tralis collegerunt, dcscripserunt delinearunt aunis MDCOLXXII- 
MDCCLXXV. London. 

POSLIE, M. 

1890. Contributions to the knowledge of the marine algae of Norway I, Eaat- 

Finmarken. Tromsd Museums Aarshefter, vol. 13. 

1891. Ibid,, II. Vol. 14. 

Freeman, E. M. 

1899. Observtaions on Coiviiantinea, Minnesota botanical studies, ser. 2, 
part 2, pp. 175-190, pi. 2. Minneapolis. 

1899a. Observations on Chlorochytrium. Minnesota botanical studies, ser. 2, 
part 3, pp. 195-204, pi. 3. Minneapolis. 

Fries, E. 

1825. Sy sterna orbis vegetabilis. Primas lirieas novae construct ionis peri- 
clitatur Elias Fries. Part 1, Plantae homonemeac. Lund. 

1835. Corpus fiorarum provincialium Sueciac. I. IToram Bcanicain scripsit 
Elias Fries. Upsala. 

1846. Bunima vegetabilum Bcandinaviac, Beet. 1. 

Frye, T. C., and Zeller, B. M. 

1915. Jlormiscia tetradliaia sp, nov. Puget Bound Marine Station Publica- 
tions, vol. 1, no. 2, pp. 9-13, pi. 2. 

Gardner, N. L. 

1909. New Chlorophyceae from California. Univ. Calif. Publ. Bot., vol. 3, 
pp. 371-375, pi. 14. 

1917. New Pacific. Const marine algae I. Univ. Chlif. Publ. Bot., vol. 6, 
no. 14, pp. 377-416., pis. 31-35. 

1919. New- Pacific Coast mariue algae IV. Univ. Calif. Publ. Bot., vol. 6, 
no. 18, pp. 487-496, pi. 42. 

Gobi, C. 

1879. Bericht ueber die algologischen Forschungen im finnischen Meerbusen 
iin Sommer 1877 ausgefiihrt. St. Petersb. Gesellsch. d. Naturf., vol. 
10, p. 83. 

Gray, J. E. (see S. F, Gray). 

1821. A natural arrangement of British plants. Vol. 1: London. 

Gray, S. F. 

1821. A natural arrangement of British plants. Vol. 1. London. 

[J. E. Gray, son of S. F. Gray, did the systematic work in tie 
two volumes which came out under the above title, with 8. F. Gray 
as the author. J. E. Gray is sometimes cited as the author.] 
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Greville, B. K, 

1823-1829. Scottish Cryptogamic Flora, or colored figures and descriptions 
of cryptogamic plants belonging chiefly to the order Fungi, and 
intended to serve os a continuation of English Botany. Vols. 1-6. 
Edinburgh. 

[We have consulted the six volume edition, each volume contain- 
ing sixty plates and dated as follows: vol. 1, 1823; vol. 2, 1824; 
voL 3, 1825; vol. i, 1826; vol. 5, 1827; vol. 6, 1828. (Cf. Pritzcl, 
1872, p. 128, and .lackson, 1881, p. 246 for dates, 1823-1829.)] 
1830. Algae Britannicae, or descriptions of the marine and other inarticu- 
lated plants. Edinburgh. 

Hagem, O. 

1908. Beobachtungen ueber die Gattung Urospora in Kristianiafjord. Nyt 
Mag. fur Natur., vol. 46, p. 289. Cliristiania. 

Hansoirg, a. 

1886-1888. Prodromus dor Algenfiora von Bdhmcn. Eratcr Theil cnthalteiul 
die Rhodophyceen, Phaeophyeeen und einer Theil dor Odorophyceen. 
Arch, naturw. Landesdurchf. v. Bbliinen. 

1886, vol. 5, part 1, no. 6. 

1888, vol. 6, part 2, no. 6. 

1888. Ueber die Gattungen Her post ciron Niig. und Aphanochacie Berth, non 

A. Br. nebst einer systcmatischcn Ucbcrsicht allcr bishcr bekannten 
ooganion und anoogamen (yonfervoiden-Gattungen. Flora, pp. 211- 
223. 

Hakiot, P. * 

1889. Algues, in Mission scientifique dii (.yap Horn, 1882, 1883. Vol. 5, 

Botanique, pp. 1-109, pis. 1-9. Paris. 

1889-1890. Notes sur le genre TrentepoMiu Martins. Journ. de Bot., vol. 3, 
and vol. 4. 

Harvey, W. H. 

1834. Notice of a collection of algae, communicated to Dr. Hooker by the late 
Mrs. Cliarles Telfair from ‘‘Gap Malheurcux^^ in Mauritius, with 
descriptions of some new and little known species. The Journal of 
Botany (Hooker), vol. 1, p. 147. London. 

1838. The genera of South African plants, arranged according to the natural 
system. Gape Town. 

1846-1851. Phycologia Britannica. London. 

[According to a memorandum from E. M. Holmes to P. S. Collins, 
this work was issue<l in parts of six platen each, part 1 having been 
issued January, 1846, then monthly parts to part 42, issued June 1, 
1849. After that the issues w^erc irregular, the last part (60) 
having been issued August, 1851. The issues may be summarized, 
so far as we ha\e the information, as follows: 

1846, plates 1-72. 

1847, plates 73-144. 

1848, plates 145-216. 

1849, plates 217-258. 

1849-1851, plates 259-354. 

1851, plates 355-360. 

The title pages of the volumes are dated as follows: 

1846, vol. 1 (plates 1-120). 

1849, vol. 2 (plates 121-240). 

1851, vol. 3 (plates 241-360)]. 
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1849. A manual of British marine algae, containing generic and specific 
descriptions of all the known British species of sea-weeds, with plates 
to illustrate all the genera. London. 

1852-1858. Nereis Bol^ali- Americana. 

1852, Part I, Melanospermeaa 

1853, Part II, Bhodospermeae. 

1858, Part III, Chlorospermeae. 

1859. Characters of now algae, chiefly from Japan and adjacent regions 
collected by Charles Wright in the North Pacific Exploring Expe- 
dition under Captain John Bodgers. Proc. Amer. Acad., vol. 4, 
pp. 327-334. 

18G2. Notice of a collection of algae made on the northwest coast of North 
America, chiefly at Vancouver's Island by Dr. David Lyall, 1859- 
1861. Jour. Proc. Linn. Soc., Bot., voL 6, pp. 157-177. London. 

IIabsall, a. H. 

1843. Observations on the growth, reproduction, and species of the branched 
freshwater Confervae. Ann. Magaz. Nat. Hist., vol. 11, p. 359. 

1845, Ed. 1. A history of the British fresh water algae including descriptions 

1852, Ed. 2. of the Dosmideae and Diatomaceae with upwards of one 

1857, Ed. 3. huudre<l plates illustrating the various species. Vol. 1, 2. 

London. 

Hauck, F. 

1885. Die Meerosalgen Deutschlands und Oesterreichs, in Babenhorst’s Kryp- 
togamen-Flora von Deutschland, Oesterreich und der Schweiz. Vol. 
2, part 10, Schizophyceae. Leipzig. (Issued in 10 “ Lieferungen " 
between 1883 and 1885.) 

Hauck, F., and Bichter, P. 

1885-1896. Phykotheka Universalis. Fasc. 1-15 (Exsicc.). Leipzig. 

Hazen, T. E. 

1902. The Ulrothricaceae and Chaotophoracene of the United States. Mem. 
Torr. Bot Club, vol. 11, no. 2, pp. 135-245, pis. 21-42. 

Hooker, W. J. 

1833. The English Flora of Sir James Edward Smith. Class XXIV, Crypto- 
gamia. Vol. 5 (vol. 2 of Dr. Hooker's British Flora) part 1, com- 
prising the Mosses, Hepatieae, Lichens, Characeae and Algae. Lon- 
don. 

Hooker, J. D. 

1844-47. The Botany of the Antarctic Voyage of H. M. Discovery Ships 
Erebus and Terror, etc. Vol. 1, Flora Antarctica^ 

[The reference in the text is to part 23, issued in 1847, probably 
on Feb. 2 of that year. For dates of issuance of the various parts 
see B. Daydon Jackson, in the Journal of Botany, 1912, pp. 284, 285.] 

Hornbmann, j. W. 

1818. leones plantarum sponte nascentium in regno Daniae, et in ducatibus 
Slesvici, Holsatiae et Lauenburgiae ad illustrandum opus de iisdem 
plantis, regio jussu exarandum. Florae Danicae nomine inscriptum. 
(Usually quoted Flora Danica.) Vol. 9, fasc. 25-27, pi. 1441-1620. 
Date on title page of volume 9 is 1818. 

1813, fasc. 25. 

1816, fasc. 26. 

1818, fasc. 27. 
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Howe, M. A. 

1893. A month on the shores of Monterey Bay. Erythea, vol. 1, pp. 63-68. 
1907. Phycological studies III. Further notes on Halimeda and Avrainvillea. 
Bull. Torn Bot. Club, vol. 34, pp. 491-516, pis. 25-30. 

1911. Phycological studies V. Some marine algfae of Lower California, Mex- 

ico. Bull. Torn Bot. Club, vol. 38, pp. 489-514, pis. 27-34. 

1914. The marine algae of Peru. Mem. Torn Bot. Club, vol. 15, pp. 1-185, 
pis. 1-66. 

Huber, J. 

1892 (1893, repr.). Contributions k la connaissanec des Cliaetophor^es Epi- 
phytes et endophytes et do leurs affinitEs. Ann. Sci. Nat., 7 sEr. Bot., 
vol. 16, pp. 265-359, pis. 8-18. 

Hudson, G. 

1778. Flora Anglica. Vols. 1, 2. 2nd edition. London. 

Hurd, Annie May. 

1916. Codium dimorphunu Puget Sound Mar. Stat. Publ., vol. 1, no. 19, 
p. 211. Seattle. 

1916a. Codium mucronatum, Puget Sound Mar. Stat. Publ., vol. 1, no. 12, 
pp. 109-123. Seattle. 

Hus, H. T. A. 

1902. An account of the species of Porphyra found on the Pacific coast of 

North America. Proc. Calif. Acad. Sci., 3rd sen Bot., vol. 2, no. 6, 
pp. 173-236, pis. 20-22. 

ImhXuser, L. 

1889. Entwicklungsgeschiehte und Formenkreis von Praswla, Flora, p. 233, 
pis. 10-13. 

Jackson, B, D. 

1881. Guide to the literature of botany; being a classified selection of botan- 
ical works including nearly 600 titles not given in Pritzers “The- 
saurus. ’ ’ London. 

1912. Index to the Linnean Herbarium, with indications of the types of 

species marked by Carl von LinnE. Forming a supplement to the 
proceeding of the society for the 124th session. 1911-1912. London. 

Jessen, C. F. G. 

1848. Prasiolao generis algarum monographia. “Dissertatio inauguralis 
botanica.“ Kilia (Kiliae). 

JdNSSON, H. 

1903. The marine algae of Iceland. (Ill Chlorophyceae, IV Cyanophyceae. ) 

Botanisk Tidsskrift, vol. 25, part 3, p. 337. 

1904. The marine algae of East Greenland. Meddelelser om Gronland. Vol. 

30. Copenhagen. 

Jueroens, G. H. B. 

1816-22. Algae aquaticae quas in littore maris Dynastiam Jeveranam et Fris- 
iam orientalem alluentis rejectas et in harum terrarum aquis habi- 
tantes collegit, etc. Decades 1-20. Jcver. 

Kjellman, F. B. 

Om Spetsbergens marina Klorofyllfdrande Thallophyter. 

1875, I, vol. 3, no. 7. 

1877, II, vol. 4, no. 6. 

Bihang till K. Sv. Vet.-Akad. Handl. Stockholm. 
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1877a. Ueber dio Algenvegetation des Murmanschen Mecres an der westkiiste 
von Nowaja Scmlja und Wajgatach. Nova Acta Beg. Soc. ScL, 
ser. 3, vol. extra ord. (no. 12). Upsala. 

1883. The algae of the Arctic Sea. Kongl. Sv. Vet.-Akad. Handl., vol. 20, 
no. 5. Stockholm. 

1883a. Norra ishafvets Algilora. Stockholm. 

1889. Om Beringhafvets Algflora. Kongl. Sv. Vet.-Akad. Handl., vol. 23, 
no. 8. Stockholm. 

1893. Studier ofver chlorophyc48lagtct Acraaiphonia J. G. Ag., och dess 

skandinaviska arter. Bihang till Kongl. Sv. Vet.-Akad. Handl., vol. 
18, afd. 3, no. 5. Stockholm. 

1897. Blastophysa polymorpha och Urospora incraaaata, Tva nya Chloro- 
phyceer fran sverigea vestra kust. Bihaug till Kongl. Sv. Vet.-Akad. 
Handl., voL 23, afd. 3, no. 9. Stockholm. 

1897a. Marina chlorophycccr fr&n Japan. Bihang till Kongl. Sv. Vet.-Akad. 
Handl., vol. 23, afd. 3, no. 11. Stockholm. 

Klebs, G. 

1883. Ueber die Organization einiger Flagellatcn-Gruppcn und ihre Be- 
ziehungen zu Algen und Infusorion. Untersuch. aus. dem Botau.- 
Inat. Tubingen, p. 233. 

Kleen, B. (A. G.) 

1874. Om Nordlaudcnes hogra hafsalger. Akadcmiak af handling. Oefver- 
sigt af Kongl. Vet.-Akad. Forhandl., no. 9. Stockholm. 

Kuckuck, P. 

1894. Bemerkungen zur marinon Algenvegetation von Helgoland. Wissen- 

schaftlichc Mceresuntersuchungen herausgegeben von der Kommis- 
sion zur wiaaonschaftlichen Untersuch ung der dcutschen Meere in 
Kiel und dor Biologischen Anstalt nuf Helgoland. Neue Folgc, vol. 
1, part 1, pp. 223-263. Kiel und Leipzig. 

1907. Abhandlungcn ueber Mecrcsalgoii 1. Ucl>er den Bau und die Port- 
pdanzung von Halicystis Areschoug und Valonia Ginnani. Botan. 
Zeitung, vol. 65, p. 139. 

Kuetzino, F. T. 

1833. Algologischo Mitthcilungen. Flora, vol. 16, pp. 513-521. 

1843. Phycologia generalis, oder Anatomic, Physiologie und Systemkunde der 
Tange. Leipzig. 

1843a. Ueber die systematische Eintheilung der Algen. Linnaea, vol. 17, p. 75. 
1845. Phycologia gcrnianica d. i. Dcutschlands Algen in biindigen Beschreib- 
ung(}n, nobst ciner Anleitung zum Untersuchen und Bestimmen dieser 
Gcwiichse fiir Anfangcr. Nordhausen. 

1845-1871. Tabulae Phycologicae. 


1845-49, vol. 

1. 

1856, vol. 

6. 

1861, vol. 11. 

1866, vol. 16. 

1850-52, vol. 

2. 

1857, vol. 

7. 

1862, vol. 12. 

1867, vol. 17. 

1853, vol. 3. 


1858, vol. 

8. 

1863, vol. 13. 

1868, vol. 18. 

1854, vol. 4. 


1859, vol. 

9. 

1864, vol. 14. 

1869, vol. 19. 

1855, vol. 5. 


1860, vol. 

10. 

1865, vol. 15. 

1871, index. 


[Judging from Pritzel (Thesaurus, 1851, p. 145) vol. 1 was 
published in several parts, and probably at different dates. In quot- 
ing in the text wo have used the date 1845, the first date given in ^he 
volume, without discriminating as to the exact date of the publication 
of the species referred to.] 

1849. Species Algarum. Leipzig. 
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Kuntzs, O. 

1891. Bevisio gencrum plantarum vascularium omnium atque cellular ium mul- 
tarum secundum leges uomenclaturao internationalcs cum enumer- 
atione plantarum exoticarum in itinoro mundi colloctarum. Parts I 
and II. Wurzburg. (Algae, part II, pp. 877-930.) 

Kylin, H. 

1907. Studien ueber Algenflora der schwedischen Westkiiste. Akadoniische 
Abhandlung. Upsala. 

Laoerheim, G. 

1883. Bidrag till Sveriges algflora. Oefv. Kongl. Sv. Vet.-Akad. Forhaiidl., 
no. 2. Stockholm. 

1885. Codiolum polyrhieum n. sp. Ett bidrag till kanncdonicn om slagtot 
CodUilum A. Br. Oefversigt af Kongl. Vet.-Akad. Forhaud., no. 8, 
p. 21, pi. 28. Stockholm. 

Laoerstedt, N. G. W. 

1869. Om algslagtet Pragiola, Foraok till en monograph!. Akadomif^k af hand- 
ling. Upsala. 

Lamark, J. B. de et Decandolle, A. P. 

1805. Flore fran^aise ou descriptions sutMiinctes de toutes les plantes qui 
croissent naturellement on France, disposees selon une nouvello 
method^ d ’analyse ct precedees par un expose des principes eieinen- 
taircs de la botanique. Ed. Ill, vol. 2. Paris. 

Lamouroux, J. V. 

1809 (May). Observations sur la physiologic des alguos marines. Nouveau 
Bull, des sci. par la Soc. Phil, de Paris, vol. 1, p. 331. 

1809a. Meinoire sur trois nouveaux genres de la famille des algucs marines. 
Journ. de Bot., vol. 2, p. 129. 

1812. Sur la classitication des Polypes corallines. Bull. Soc. Philom., vol. 3, 

p. 180. 

1813. Essai sur les genres <le la famille des thalossiophytes non articuieos. 
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1753. Species plantarum, exhibentes plantas rite cognitas, ad genera relatas, 
cum differentiis specificia, nominibus trivialibus, synonymis selectis, 
locis natalibus secundum systema sexuale digestas. £d. I. Stock- 
holm. 
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Adriatica ossia catalogo ragionato degli animali del golfo e delle 
lagunc di Venezia; preceduto da una dissertazione sulla storia flsica 
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1851. des Ochotskischen Meeres. Middendorff ’s Sibirische Reise^ vol. 1, 

part 2, “lieferung*' 2, p. 193. 

[We have been puzzled by tlie variety of quotation, both as to 
title and date, given by different writers for this very important 
work of Buprecht. Our own copy seems to be the regular issue of 
“Dr. A, Th. Middendorff ’s Sibirische Beise^ designated as “Band 
I, Theil 2, Botanik, Zweite Lieferung,“ etc., whose title page states 
place of publication as “ Buchdruckerei der Kaiscrlichen Akadcmie 
der Wisseiischafteu. St. Petersburg, 1851.“ It is stated that it 
is to be obtained from “Eggers et Co. “ of St. Petersburg and from 
“Leopold Vos8“ of Leipzig. On the reverse of the front cover is 
printed the folloiviiig: “Auf Verfiigung der Kaiscrlichen Akadcmie 
der Wissenschaften. Fuss, bestandiger Secretar. December, 1850.“ 
The title is the Gorman title given above, viz., “Tango des Ochot- 
skischen Meeres, “ etc. Pritzel (2nd ed.) gives the date as 1850 
and the title as follows: “Algae Ochotenses. Die ersten sichern 
Nachrichten iiber die Tange des Octoskischen Meeres. “ In the 
•’ count of Bupreclit^s life and works in the Bulletin of the St. 
Petersburg Academy of Sciences for 1871 (Suppl.) the date is given 
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“Band 1“ is distinctly stated to have been “Gedruckt 1856“ and 
he has given this date in his “Green Algae of North America. “ 
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Saunders, Db A. 
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322 


University of California Publications in Botany [Vol. 8 


Setchell, W. a. 

1899. Algae of the Pribilof Islands. Jn Jordan, Fur seals and fur-seal 
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pp. 279-324, pis. 21-31. 

Smith, J. E. 

1790-1814. See English Botany.*' 

Snow, Julia W. 

1899. TJlvella americana n. sp. Bot. Gazette, 1899, vol. 27, pp. 309-314, pi. 7. 
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Britannicis crescentium. Bath. 

1795, Fasc. 1, pp. i-viii. 
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pis. 2-7. 

Trevisan, V. 
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281. Lund. 
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1903. Three species of marine Eoballooystis. The Bot. Mag., vol. 17, p. 199, 
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1914. Notes on algae new to Japan II. The Bot. Mag., vol. 27, p. 263. 
Tokyo. 

1916. Notes on algae new to Japan V. The Bot. Mag., vol. 30, p. 243. Tokyo. 

Zanardini, Q. 

1843. Saggio di classificazione naturale delle ficee. Venice. (Also Botan. 
Zeit., 1844, pp. 401-408.) 

1860-1871. Iconographia Phycologica Adriatica, vols. 1-3. Venice. 

[From the printed evidence, it is difficult to determine the exact 
dates of the publication of this large work of Zanardini. The title 
pages of the volumes bear dates as follows: vol. 1, 1860; vol. 2, 
1865; and vol. 3, 1871. These dates are not sufficiently exact for 
reference as to priority of publication. The three volumes of the 
Iconographia are made up of reprints from the various parts pub- 
lished in the ^^Memorie dell’ I. B. Istituto Veneto,” where they 
appeared under the title “Scelta di Ficee nuove o piu rare del Mare 
Adriatico.” The general distribution of pages, plates and approxi- 
mate dates have been collated by Dr, W. G. Farlow and confirmed, 
so far as possible, by us. They are as follows: 

Volume 9 of **Memorie,” dated 1860, has part 1, plates 1-8, 
pages 41-78, was presented April 16, 1860, and is the same 
as volume 1 of the Iconographia, ” plates 1-8, Preface and 
pages i-iv and 1-34. 

Vol. 10, 1861, parts If, 2f, pis. 9-16, pp. 93-124, presented June 
17, 1861, is vol. 1, pis, 9-16, pp. 35-66. 

Vol, 10, 1861, part 3, pis. 26-33, pp. 449-484, presented Apr. 23, 

1862, is vol. 1, pis. 17-24, pp. 67-102, 

Vol. 11, 1862, part 2, pis. 11-18, pp. 271-306, presented Apr. 15, 

1863, is vol. 1, pis. 25-32, pp. 103-138. 

Vol. 12, 1864, part 1, pis. 1-8, pp. 9-43, presented May 30, 1864, 
is vol. 1, pis. 33-40, pp. 139-175. 

Vol. 12, 1864, part 2, pis. 14-21, pp. 377-410, presented May 22, 
1865, is vol. 2, pis. 41-48, preface, index and pp. iii-viii, 1-32. 
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Vol. 13, 1866, part 1, pis. 2-9, pp. 143-176, no date of presenta- 
tion, is Tol. 2, pis. 49-56, pp. 83-66. 

Vol. 13, 1866, parts 2t, 3f, pis. 10-17, pp. 403-434, presented 
May 27, 1867, is vol. 2, pis. 57-64, pp. 67-98. 

Vol. 14, 1869, part 2, pis. 4-11, pp. 181-216, presented June 22, 

1868, is vol. 2, pis. 65-72, pp. 99-134. 

Vol. 14, 1870, part 3, pis. 26-33, pp. 437-472, presented June 21, 

1869, is vol. 2, pis. 73-80, pp. 135-168. 

Vol. 15, 1871, part 2, pis. 10-17, pp. 425-460, presented June 20, 

1870, is vol. 3, pis. 81-88, pp. 5-36. 

Vol. 17, 1873, part 3, pis. 14^21, pp. 429-460, presented Dec. 22, 

1872, is vol. 3, pis. 89-96, pp. 37-68. 

Vol. 18, 1874, part 1, pis. 2-9, pp. 255-286, presented Dec. 22, 

1873, is vol. 3, pis. 97-104, pp. 69-100. 

Vol. 19, 1876, part 3, pis. 23-30, pp. 513-544, presented June 18, 
1876, is vol. 3, pis. 105-112, pp. 101-132.] 



EXPLANATION OP PLATES 

PLATE 9 

Hormiscia aphaerulifera B. and G. 

Fi£^. 2. A, basal portion of filament showing intramatrical rhizoids. B, 
vegetative cells in the median portion of the filament. C, an empty sporangium. 
X25. 

Hormiaoia grandia (Kylin) S. and G. 

Fig. 3. A, basal portion of filament showing numerous intramatrical rhizoids. 
B, two zoosporangia of moderate size. O, a long typical zoosporangium, empty. 
D, moderate sized vegetative segments. X 80. 

Hormiaoia penicilliformis (Both) Fries 

Fig. 4. A, sporeling with rhizoid penetrating a filament of UlotJirix flacca. B, 
basal portion of a young filament, showing a few intramatrical rhizoids. C, 
characteristic zoosporangia. D, young vegetative segments. X 80. 

Bhizoclonium luhricvm S. and G. 

Fig. 5. A, terminal portion of a young filament with short segments. B, 
terminal portion of a filament with long, * ^ resting segments. ’ ’ X 160. 

Ulothrix pseudoflacca f. maxima S. and G. 

Fig. 6. A, B, vegetative filaments. 0, sporangia. X 250. 

Codium dimorphtm Svedelius 

Fig, 7. A young utricle with an empty sporangium. X 80. 

Fig. 8. A terminal portion of a utricle, showing the extremely thick, lamellate 
and tuberculate en^ wall. X 100. 

Codium intertextum var. oriboaum M. A. Howe 
Fig. 9. Portion of the end wall of a utricle, showing internal modifications. 
X 100. 

Codium Setchellii Gardner 

Pig. 10. Typical utricle and sporangium, showing the scars of three previous 
sporangia. X 80. 

Fig. 11. Showing different forms of utricles and sporangia. 

This plate is from Gardner, Now Pac. Coast Mar. Alg. IV, 1919, pp. 487-496, 
pi. 42. Fig. 9 was labeled Codium adhaerena. 
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PLATE 10 
PraHola lorealis Beed 

Fig. 1. A group of whole plants infested hy the parasitic fungus, Guignardia 
alaskana Beed. X 3.5. 

Fig. 2. A cross section of the frond. X 375. 

Fig. 3. A surface view at the margin of the frond showing the grouping 
of the cells. X 285. 

Figures 1-3 are from Beed, Two new Asco. Fungi, 1902, pp. 141-164, pis. 
15, 16. 

Collinaiella iuherculata S. and G. 

Fig. 4. Habit sketch of a group of plants. X 4. 

Fig. 5. A vertical section through one of the fronds. 

Fig. 6. Dissection of a part of the vertical section which has been treated 
with Chloriodide of Zinc to show the branching. The cell contents are much 
shrunken. 

Fig. 7. A tangential section at the surface to show the division planes. 

Fig. 8. A terminal cell showing a diminished chromatophoro and two pyre- 
noids. 

Fig. 9. A terminal cell showing the vacuolated appearance of the chromato- 
phore. 

Fig. 10. A young terminal cell showing a complete parietal ehromatophore 
and one pyrenoid. 

Figures 4-10 are from Setchell and Qarder, Alg. N.W. Amer., 1903, pp. 165- 
418, pi. 17. 
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PLATE 11 

Pseudulvella prostraia (Gardner) S. and G. 

Fig. 1. Showing a small section of the margin of the thallus on the surface 
of Iridaea laminarioideA 

Fig. 2. A vertical section of fig. 1, perpendicular to the long diameter of 
the filaments of Ulvella: the drawing is imperfect, it should show a common enclos- 
ing cuticle. 

Endophyton ramosim Gardner 

Fig. 3. Showing the narrow filaments within the central part of the host, 
Iridaea laminarundeSf terminating in sporangia at the surface. 

Fig. 4. Showing pieces of irregularly shaped filaments. 

Psevdodiotyon geniculatum Gardner 

Fig. 5. A part of a thallus showing a few terminal filaments penetrating 
among the cortical cells of Laminaria Sinclairiu 

Fig. 6. A cross section of fig. 5, showing terminal sporangia on short, erect 
filaments. 

All highly magnified. 

This plate is from Gardner, New Chlorophyccae from California, 1909, pp. 371- 
376, pi. 14. 
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PLATE 12 
Viva Lima !▲ 

Fig. 1. A vertical section through the margin of a frond showing the separa- 
tion of the two layers. Plant from Friday Harbor, Washington. X 250. 

Pig. 2. A surface view of fig. 1. X 250. 

Fig. 3. The same view as fig. 1. Plant from Admiralty Island, Alaska. 
X 250. 

Fig. 4. A surface view of fig. 3. 

Gayella constricia S. and G. 

Fig. 5. Habit sketch of a whole plant. X 30. 

Fig. 6-8. Showing the development of rhizoids. 

Fig. 9. Two enlarged segments showing shapes and arrangement of the cells 
in surface view. X 100. 

Fig. 10. A cross section of a large segment showing the radial arrangement 
of the cells. 

Figures 5-10 are from Gardner, New Pac. Coast Mar. Alg. I, 1917, pp. 377- 
416, pi. 33. 
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PLATE 13 

CMorochytrium inclumm Kjellm. 

Fi^. 1. A vertical section through the host, showing the penetration of the 
endophyte to the medulla. X 250. 

Cladophora microdadioides Collins 

Fig. 2. Showing the method of branching of the terminal ramuli. X 8. 

Halimeda discoidea Dcc’ne 
Fig. 3. A habit sketch of a small plant. X 1. 
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PLATE 14 


Bryopgia plumcsa (lluds.) Ag. 

Fig. 1. Diagrammatic illustration of a whole plant showing the method of 
branching. X 1. 

Fig. 2. A sketch of a branch showing the arrangement, the relative length 
and the constriction of the bases of the pinnules. X 40. 

Halioysiis ovalis (Lyngb.) Aresch. 

Fig. 3. A habit sketch of a whole plant except the rhizoidal base. X 2. 

. Enieromorpha iubvloaa Kuetz. 

Fig. 4. A portion of a siiiall frond showing the linear arrangement of cells. 
X 250. 

Fig. 5. A section of a frond. X 250. 

PerrursarUi percursa (Ag.) Rosen v. 

Fig. 6. A portion of a frond showing one row’ of cells at one end and two 
rows at the other. X 250. 

Enieromorpha compressa (L.) Grev, 

Fig. 7. A vertical section through the frond. X 250, 

Pig. 8. A surface view. X 250. 

Chaetomoiyha aerea (Dillw.) Kuetz. 

Fig. 9. A group of young plants showing long basal cells with rhizoids. 
X 35. 

Figs. 10, 11. Sketches showing different ages of the cells in vegetative 
stages. X 35. 

Monostroma zostericoJa Tildeii 
Fig. 12. A surface view. X 500. 

Pig. 13. A vertical section. X 500. 
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PLATE 15 

Chlorochytrium Porphyrae S. and G. 

Fiff. 1. A vertical section through the host, showing plants of the endophyte 
in various stages of development and of embedding. X 140. 

Codiolum gregarium A. Br. 

Fig. 2. A group of three plants. X 120. 

Verbeai-a marina (Lyng.) Kjellm. 

Fig. 3. A part of a filament showing the method of branching, and one 
sporangium. X 65. 

Bryopnis eorticxdam Setchell 

Figs. 4, 5. Sketches showing origin and method of development of the eorti- 
eating filaments. X 25. 

Codium latum Suring. 

Pig. 6. Sket(‘h of a single utricle showing the position of the sporangia and 
of tho hairs. X 100. 

Figure 1 is from Gardner, New F’ac. Coast Mar. Alg. I, 1917, pp. 377-416, 
pi. 32, fig. 6. 
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PLATE 16 

Enteromorpha micrococca var. auhsalsa Kjellm. 

Fig. 1. A habit sketch of a piece of a frond showing the method of branch- 
ing. X 20. 

Cladophora trichotoma (Ag.) Kuetz. 

Fig. 2. A habit sketch of a few terminal ramuli. 

ErUeromorpha compressa (L.) Grev, 

Fig. 3. A habit sketch of a frond. X 1. 

Spongomorpha coaliia (Rupr.) Collins 
Fig. 4. Sketch showing the characters of the hooked branches. X 10. 

Codium Eitteri S. and G. 

Fig. 5. A sketch of a group of utricles. X 25. 
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PLATE 17 

Pscudopringsheimia apicutata S. and G. 

Fig. 1. A soetiou through the thallus of a mature plant perpendicular to 
the host. X 250. 

Fig. 2. A section through the thallus of a young plant. X 250. 

PrasioJa ddicata S. and G. 

Fig. 3. a-f, Series of diflFercnt forms of plants. X 10. 

Viva vexata S. and 0. 

Fig. 4. A group of plants showing different shapes and sizes. X 1. 

Fig. 5. A group of mature plants showing the presence of the parasitic 
fungus, Guiffnardia Ulvae Reed. X 3. 

Fig. 6. A cross section showing the presence of fungal hyphae in the medulla. 
X 250. 

Fig. 7. A surface view. X 250. 

This plate is from Setchell and Gardner, Phyc. Oont. I, 1920, pp. 279-324, 
pi. 22. 
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PLATE 18 

Gomontia caudaia S. and G. 

Fig. 1. Two pieces of filaments. X 400. 

Fig. 2. a-d, Different stages and forms of ‘‘sporangia.’’ X 400. 

Inicmoretia Fryeana S. and G. 

Fig. 3. A surface view of the host plant, showing the method of permeation 
and branching of a few terminal filaments. X 375. 

Fig. 4. A stage slightly in advance of fig. 3, showing cell divisions in planes 
parallel to the long diameter of the cells. X 375. 

Fig. 5. A stage in development nearing maturity. X 375. 

Fig. 6. A cross section of the host cutting the filaments of Internoretia at 
right angles to their long diameter. X 375. ‘ 

EntocHadia cingens S. and G. 

Fig. 7. A plant growing in the membrane of Chaetomorpha calif omica and 
nearing maturity. X 250. 

This plate is from Betchell and Gardner, Phyc. Coni. I, 1920, pp. 279-324, 
pi. 23. 
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PliATE 19 

Gomontia polyrhiea (Lagerh.) B. and F. 

Fig. 1. A group of three ‘ * sporangia, ’ * the two larger nearing maturity. 
X 17.1. 

Gomontia Imbrorhisa S. and G. 

Fig. 2. A young thallus. X 37.1. 

Fig. 3. a-e, Illustrating three forms of the ‘ ‘ sporangia. ^ ^ 

Pseudulvella oonsooiata S. and G. 

Fig. 4. A surface view of a young thallus. X 375. 

Fig. 5. A section of a mature thallus. X 37.1. 

Fig. (). A vertical filament near the surface of a young thallus showing 
branching. X 225. 

EiUocladia codicola S. and G. 

Fig. 7. a, A young thallus, showing the method of branching of the fila- 
ments and of their radiation from a center. X 125. b, A mature thallus with 
sporangia in the center. X 125. 

Profdola delioata S. and G. 

Fig. 8. A surface view showing typical arrangement of cells. X 500. 

This plate is from Setcliell and Gardner, Phyc. Cont. I, 1920, pp. 279-324 
pi. 24. 
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l^LATE 20 

Praaiola delUmta S. and 6. 

Fig. 1. A micro-photograph of a marginal Begmcnt, surface view showing 
the arrangement of the vegetative cells. X 442. 

Prasiola meridiomlis 8. and G. 

Fig. 2. A micro-photograph of a portion of the surface, showing vegetative 
cells and interspersed aplanospores (I). X 442. 

This plate is from Setchell and Gardner, Phyc. Cont. I, 1920, pp. 279-324, 
pi. 25. 
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PLATE 21 

Viva dactylifera S. and G. 

Fig. 1, Photograph of a \vhole plant, with the exception of a portion of the 
base, tho typo. X 0.75. 

Viva atcnophylla S. and O. 

Fig. 2. A micro-photograph of a portion of the surface, showing the rounded 
angles and relatively thick walls of the cells. X 442. 
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PLATE 22 

Ulva angusia 8. and O. 
A photograph of a group of plants, the type. 
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PLATE 23 

Ulva taeryiata (Setchell) 8. and 0. 

A photograph of a whole dried plant, showing the extreme crisped nature of 
the dentate margins at the base. X 0.3. 
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PLATE 24 

Ulva stenophylla 8. and G. 
A photograph of a whole plant, the type. X 0.3. 
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PLATE 25 

Monostroma areolatum S. and G. 

A photograph of a whole dried plant, the type. X 0.5. 
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PLATE 26 

Viva angusta S. and 6. 

Fig. 1. A micro-photograph of a part of the surface. X 442. 

Monoatroma areolatum S. and G. 

Fig. 2. A micro-photograph of a part of the surface. 

Plates 21-26 are from Setchell and Gardner, Phyc. Cent. I, 1920, pp. 279-324, 
pis. 26-31. 
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PLATE 27 

Bryopais eorticulans Setchell 
A photograph of a whole plant. X 1. 
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PLATE 28 

Codmm fragile (Suring.) Hanot 

A photograph of an entire dried plant, showing several fronds arising from the 
same expanded holdfast. X O.S. 


[ 864 ] 




PLATE 29 

Codiwn fragile (Suring.) Hariot 

A photograph of a dried frondi showing long, slender branches and dichotomous 
branching. X 0.5. 
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PLATE 30 

Codium Setchelia Gardner 
A photograph of a part of a thallus. X 1. 
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PLATE 31 
Codium 8p. 

A photograph of a part of a dried plant. 
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PLATE 32 

Spongomorpha coalUa (Rupr.) Collins 

A photograph of a group of plants showing the method of combining into rope- 
like masses. X 0.5. 
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PLATE 33 
Ulvella Lena Crouan 

A micro-photograph showing plants in various stages of development. X 200. 
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Titles of papers and names of new etc., are in boldface. 


Aerosiphonia, 207, 221. 
albescens, 229. 
duriuscula, 225. 
hamulosa, 229, 231. 

Mertensii, 228. 

Aegagropila, 221. 

Aequales, 59, 63. 

Agmenellum, 8. 

Anabacna, 90. 
frap;ilis, 69. 
oscillarioides, 90. 

propinqua, 90; figure showing, opp. 


variabilis, 90, 91; figure showing, 
opp. 138. 

Anacystis, 6, 12, 14. 
elabens, 14; figure showing, opp. 
130. 


Anadyomene, 180. 

Aplonema, 198. 

Arthrospira, 53. 

breviarticulata, 54, 55 ; figures show- 
ing, opp. 132 and 136. 
maxima, 54; figure showing, opp. 
138. 


Attcnuatae, 59, 64. 

Bangia calophylla, 277. 

Blastophysa, 154. 

Blennothrix elegans, 81. 

Boodlea, 180, 232. 

composite, 232. 

Botrydium, 154, 261. 

Brachytrichia, 110, 111, 112. 
affinis, 112; figures showing, opp. 
136. 

Quoyi, 111, 112. 
rivularioides, 111. 

Bryopsidaceae, 154, 156. 

Bryopsis, 156, 157, 158. 
abietina, 162. 
arbuscula, 162. 

Balbisiana 

Tar. Lamourouxii, 166. 
corticulans, 158, 160; figures show- 
" ing, opp. 338; plate showing, 
opp. 362. 
elegans, 160. 

hypnoides, 158, 159, 162. 

Lyngbyei, 162. 
pennata 

yar. minor, 158. 
pennatula, 158. 

plumosa, 158, 161; figures showing, 
opp. 336. 

Bulbocoleon, 287, 288. 
piliferum, 288. 


Calothrix, 94. 
consociata, 94, 95. 

Contaronii, 95, 97. 

Crustacea, 99. 
epiphytica, 95, 99. 
hydnoides, 82. 
parasitica, 95, 98. 
pilosa, 95, 102 ; figure showing, opp. 
138. 

prolifera, 95, 101. 
pulvinata, 82, 95, 97. 
rectangularis, 95, 100; figure show- 
ing, opp. 134. 

robusta, 95, 96 ; figure showing, opp. 
134. 

Bcopuloruin, 95, 96. 
somiplenu, 78. 
vivipara, 95, 101." 

Capsosiphon, 233, 234, 235. 
aurcolum, 234. 
fulvesccns, 234. 

Caulorpa, 156. 

Ccramium pulvinatum, 98. 
Chaetomorpha, 207, 282. 
uerea, 200 ; figures showing, opp. 336. 
antennina, 200, 203. 
californiea, 200. 
cannabiiia, 200, 204, 205. 
clavata, 205, 206. 

var. torta, 205. 
eonfervicola, 205. 

Linum, 201. 
litorea, 205. 

melagonium, 199, 200, 201, 202. 
f. rupincola, 202. 
f. typira, 202. 
minima, 200. 
moniligora, 206. 

Picquotiana, 199, 202. 
spiralis, 206. 
torta, 200, 205, 206. • 
tortuosa, 186, 205. 

Chaotomorphopsis pacifica, 203. 
Chaetophoraceae, 286, 287. 
Chaetophoralcs, 281. 

Chaetophoreae, 287. 

Chaetophoroideae, 287. 

Chamaesiphon, 20, 25. 
Chamaesiphonaceae, 5, 20. 
Ohlocochjrtriaceae, 143, 146. 
Chlorochytrium, 146, 147. 
inclusum, 147; figure showing, opp. 
334. 

Porphyrae, 147, 150; figure show- 
ing, opp. 338. 

Schmitsii, 147, 149. 
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Chloroeystis, 147. 

Chlordgloea, 6, 15. 
eonforta, 16, 17, 23, 26; figure show- 
ing, opp. 126. 

lutea, 16, 18; figure showing, opp. 
126. 

tuberculosa, 16, 33. 

Chlorophyeeae, 139-374. 
Chlorospermeae, 140. 

Chroococcaceae, 5. 

Chroococcus, 6, 9, 10. 
turgidus, 10. 

f. submarinus, 11 ; figure showing, 
opp. 124. 

Chroolopidaceae, 305. 

Ohroolepus umbrinum, 306. 

Cladophora, 180, 181, 207, 208, 221. 
alaskana, 225. 
albida, 208, 218, 219. 
amphibia, 208, 209. 
arcta, 223, 229, 230. 
f. conglutinata, 229. 
var. pulvinata, 229. 

Bertolonii 

▼ar. hamosa, 208, 218. 
cartilaginea, 210. 

Chamissonis, 227. 
coalita, 230. 

Columbiana, 210. 
composita, 210. 
delicatula, 208, 220. 
diffusa, 214. 
flexuosa, 208, 217. 
glaucescens, 208, 219. 
gracilis, 208, 216, 217. 
graminea, 208, 211, 212. 
hamosa, 218. 

hcmisphaerica, 208, 211, 212. 
Hutchinsioe, 208, 213, 215. 

var. distans, 211, 213, 214. 
Hystrix, 230. 
laetevirens, 208, 216. 
lanosa 

var. uncialis, 223. 

MacDougali, 208, 213, 214, 215. 
Mertensii, 228. 

microcladioides, 208, 212, 215; fig- 
ure showing, opp. 334. 
f. stricta, 212. 
ovoidea, 208, 213, 214, 215. 
repens, 210. 

Budolphiana, 208, 217, 218. 

f. eramosa, 218. 
saxatilis, 229. 
scopaeformis, 229, 230. 
spinescens, 229. 

Stimpsonii, 208, 219, 220. 
trichotoma, 208, 210; figure show- 
ing, opp. 340. 
f. elongata, 213. 
viminea, 228. 

Gladophoraceae, 179, 180. 


Oladophoreae, 180. 

Cladophoropsis, 180. 

Clastidium, 20, 25. 

Clathrocystis aeruginosa, 13. 
Goccogonales, 4. 

Goccogoneae, 4. 

Godiaceae, 153, 166. 

Godiaeum, 167. 

Godieae, 166. 

Godiolum, 146, 151. 
gregarium, 151 ; figure showing, opp. 
338. 

Petrocelidis, 151, 152. 
polyrhizum, 302. 

Godium, 166, 167, 168 ; plate showing, 
opp. 370. 
adhaerens, 169. 
damaecorne, 175. 
dccorticntum, 168, 172, 173. 
dimoi^hum, 168, 169, 172, 173. 
divaricatum, 172. 

f. hybrida, 172. 
clongatum, 173. 

fragile, 168, 171, 172; plates show- 
ing, opp. 364 and 366. 
intertextum 

var. cribrosum, figure showing, . 
opp. 326. 

latum, 168, 175, 176; figure show- 
ing, opp. 338. 

Lindcnbergii, 175, 176. 
mamilloBum, 170. 
mucronatum, 171. 
platylobium, 175. 

Bitteri, 168, 169, 170; figure show- 
ing, opp. 340. 

Setchelli, 168, 169; plate showing, 
opp. 368; figures showing, opp. 
326. 

tomentosum, 171, 173, 174, 175. 
var. califoruicum, 172. 
var. novac-zelandiae, 172. 
Goleochaete, 289. 

Goleonema arenifera, 24. 

GollinsieUa, 144. 

tuberciilata, 144, 145; figures show- 
ing, opp. 328. 

Gonferva aestuarii, 75. 
aggregata, 221. 
albida, 219. 
antennina, 203, 204. 
arcta, 223. 
cartilaginea, 225. 

Ghamissonis, 227, 228. 
clathrata, 260. 
coalita, 230, 231. 
cohaerens, 224. 
composita, 232. 
crinita, 258. 
distans, 213. 
duriuscula, 225. 
fiaeca, 284. 
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Oonferra (cont.) 
flezuosa, 217, 256. 
glaucescens, 219. 
gracilis, 216. 

Hutchinsiae, 213. 
implexa, 184. 
laetevircns, 216. 
lanosa, 221. 
melagonium, 201. 

Mertensii, 227, 228. 
oligoclona, 207.* 
paradoxa, 259. 
penicilliformis, 187, 191. 
percursa, 274. 
riparia, 183. 
saxatilis, 226, 228. 
scopaeformis, 231. 

Bcopulorum, 97. 
tortuosa, 184, 186. 
trichotoma, 210. 
uncialis, 221. 
viminea, 227. 

Wormskioldii, 197. 

Cryptophyceac, 3. 

Cyanocystis, 20, 23, 25. 
Oyanophyceae, 3. 

Derbesia, 164. 

Lamourouxii, 164, 165, 166. 
marina, 164, 165; figure showing, 
opp. 338. 
tenuissima, 165. 
vaucheriaeformis, 165. 

Derbesiaceae, 154, 163, 164. 
Derbesieae, 163. 

Dormatophyton radians, 295. 
Dermocarpa, 20, 21, 22, 24, 25. 

fucicola, 22, 27, 29; figures show- 
ing, opp. 138. 

hemisphaerica, 17, 22, 23, 24, 26; 

figure showing, opp. 128. > 

Leibleiniae, 26. 

pacifica, 22, 27, 35 ; figures showing, 
opp. 128. 
prasina, 29, 30. 

protea, 22, 28, 29; figures showing, 
opp. 130. 

sphaericR, 22, 24; figure showing, 
opp. 132. 

sphaeroidea, 22, 26; figure showing, 
opp. 126. 

suffulta, 17, 22, 23, 26; figure show- 
ing, opp. 126. 

Dichothrix, 103. 
minima, 103, 104. 

seriata, 103; figure showing, opp. 
134. 

Dilsea integra, 147. 

Diplonema, 273. 

percursum, 274. 

Ecballocystis 
tuberculata, 145. 

Willeana, 145. 

Ectosperma, 178. 


Endocladia, 289. 
cin^ns, 291. 
codicola, 291. 

Flustrae, 290. 
viridis, 290, 291. 

Endoderma 
viride, 289. 

Endophyton, 287, 292. 
ramosum, 292, 293 ; figures showing, 
opp. 330. 

Endosphaera, 147. 

Endosphaeraccae, 146. 

Enteromorpha, 233, 244, 245, 246, 247, 
261. 

acanthophora, 247, 254. 
aureola, 234. 
clathrata, 247, 260. 
comprcssa, 247, 250, 251, 252, 255; 
figures showing, opp. 336 and 
340. 

f. complanata, 258. 
f. sub-simplex, 260. 
crinita, 247, 258, 260. 
erecta, 259, 260. 
fascia, 251. 

fiexuosa, 247, 255, 256. 

Grevillei, 236. 
groenlandic.a, 248. 

Hopkirkii, 260. 

intestinalis, 247, 252, 255, 266. 
f. clavata, 253. 
f. cylindracea, 252. 
f. genuina, 253. 
f. maxima, 253. 

Linza, 263. 
marginata, 247, 257. 
micrococca, 247, 249, 250. 

f. subsalsa, 247, 249, 250; figure 
showing, opp. 340. 
minima, 247, 249, 250. 
percursa, 274. 
plumosa, 247, 259. 
polyclados, 257. 
prolifera, 247, 254, 255, 258. 

var. tubulosa, 256. 
salina 

var. polyclados, 247, 257. 
torta, 258. 

tubulosa, 247, 255, 256 ; figures show- 
ing* opp. 336. 

Entocladia, 287, 288, 289. 
cingens, 289, 291; figure showing, 
opp. 344. 

codicola, 289, 290; figure showing, 
opp. 346. 
viridis, 289, 290. 

Epicladia, 289. 

Eulyngbya, 72, 75. 

Euphormidiia, 68, 70. 

Fucus tomentosum, 174. 

Foirena, 85. 

Gardner, N. L., 1-138, 139-374. 
Gastridium ovale, 155. 
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GayeUa, 275, 270. 

constricta, 279, 280, 281; figuree 
showing, opp. 332. 
polyrhisa, 270, 280, 281. 

Gloeocapsa crcpidinum, 21, 37. 
Oloeotheee, 7. 

Gloesipheae, 3. 

Gloiosiphonia verticillaris, 237. 
Godlewskia, 25. 

Gomontia, 287, 300, 301. 
arrhiza, 300. 

Bornetii, 301, 302, 303, 304. 
caudata, 301, 304; figures showing, 
opp. 344. 
codiolifera, 300. 

habrorhiza, 301, 304; figures show- 
ing, opp. 346. 

polyrhiza, 301, 302, 303, 304; figure 
showing, opp. 346. 

Gomontieae, 287. 

Gomphosphaeria, 21, 49. 
aponina, 50; figures showing, opp. 
124. 

Gonidium, 8. 

Halicystis, 154. 

ovalis, 155 ; figure showing, opp. 336. 
Halimeda, 166, 176, 177. 
discoidea, 177 ; figure showing, opp. 
334. 

Hammatoidea, 03. 

Herpyzoncina, 112. 

Heterocysteac, 80. 

Heterocystineae, 80. 

Homoeystinoao, 51, 52. 

Hormiscia, 180, 187, 188, 180, 190, 
101, 198. 

collabens, 190, 193. 
crassa, 100. 
doliifera, 191, 103. 
grandis, 190, 191, 195 ; figure show- 
ing, opp. 326. 

Hartzii, 190. 
incrassata, 100, 191. 
penicilliformis, 100, 191, 192, 193; 

figure showing, opp. 326. 
sphaerulifera, 101, 196, 198; figure 
showing, opp. 326. 
tetraciliata, 100, 191, 103, 104. 
vancouvoriana, 191, 197, 198. 
Wormskioldii, 190, 191, 106, 107. 
Hormogonales, 4, 51. 

Hormogoneae, 51. 



opp. 124. 

Hyella, 21, 40. 
eaespitosa, 41. 

linearis, 41, 43 ; figure showing, opp. 
126. 

Littorinae, 41, 42; figures showing, 
opp. 128. 

soeialis, 44; figure showing, opp. 
126. 


Ilea, 234. 

Fascia, 234. 
foeniculaeeus, 234. 
fulvescens, 234. 

Internoretia, 287, 204. 

Fryeana, 204; figures showing, opp. 
344. 

Isactis, 104. 
plana, 104. 

var. fissurata, 105. 
var. plana, 105; figures showing, 
opp. 124. 

Isokontae, 142. 

Lamarckia, 167. 

Laminaria saccharina, 261. 

Leibleinia, 72, 73. 

Corallinae, 62. 

Leptosireae, 287. 

''Leptothrix lamellosa,” 00. 

Linckia atra 
var. coadunata, 107. 

Literature cited, on, Myxophyceae, 
113-123; Chlorophyceae, 307-325. 
Lyngbya, 53, 72. 
aestuarii, 73, 75. 

f. aeruginosa, 76; figure showing, 
opp. 124. 
f. ferruginea, 76. 
f. limicola, 76. 

f. natans, 77 ; figure showing, opp. 

f. spectabilis, 77. 
confervoides, 73, 77. 
epiphytiea, 72, 74, 77. 
gracilis, 72, 73. 
semiplena, 73, 78, 00. 

Willei, 73, 74. 

Lyngbyeae, 67. 

Lyngbyoideae, 67. 

Margaritiferae, 59, 60. 

Maxine Algae of the Padfle Coast of 
North America: 

I. Myxophyceae, 1-138. 
n. Ohloxoi^ceae, 130-374. 
Mastigocoleus, 110, 112. 

testarum. 111. 

Merismopedia, 6, 8. 

Gardner!, 9; figure showing, opp. 
138. 

Microcoleus, 53, 84, 85. 
chthonoplastes, 86. 
confluens, 86, 88; figure showing, 
opp. 134. 

tenerrimus, 86, 87. 

Weeksii, 86, 87; figure showing, 
opp. 134. 

Microcystis, 13. 

Microdictyon, 180, 231, 232. 
AgardUanum, 232. 
umbilieatum, 232. 

Microspora, 207. 

Moniliiormia, 68. 

Monostroma, 235, 236. 
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Monostroma (cont) 
angicava, 238. 
areticum^ 236, 238. 
areolatum, 236, 240; plate showing, 
opp. 358; figure showing, opp. 
360. 

Blyttii, 238, 243. 
eylindraeeum, 238. 
fuscum, 236, 238, 242. 
var. Blyttii, 243, 244. 
var. splendens, 242, 243. 
Orevillei, 236, 237, 238. 
var. lubricum, 237. 
var. Vahlii, 237. 
groenlandicum, 248. 
latissimum, 236, 238, 241, 242. 
leptodermum, 239. 
lubricum, 237. 
orbiculatum, 236, 242. 
quaternarium, 236, 240, 241. 
saccodoum, 238. 
splendens, 238, 243. 

Vahlu, 237. 

zostericola, 236, 237, 238, 239; fig- 
ures showing, opp. 336. 
Myxophyceae, 1-138. 

Myxophykea, 3. 

Nitella, 289. 

Nostoc, 90, 92. 

Linekia, 92. 

Quoyi, 111. 

Nostocaceae, 51, 89. 

Nostoceae, 89. 

Nostochopsis, 112. 

Oedogonium, 163. 

Oscillaria 
margaritifera, 61. 
neapolitana, 66. 
submembranacea, 71. 

Oscillaridcao, 52. 

Oscillatoria, 58. 

acuminata, 59, 65; figure showing, 
opp. 124. 
amphibia, 63. 

Bonnemaisonii, 59, 60. 
brevis, 59, 65. 

var. neapolitana, 66. 
chalybea, 59, 67. 

Corallinae, 59, 62. 
geminata, 59, 63. 
laetevirens, 59, 64. 
limosa, 59. 

margaritifera, 59, 61. 
nigro-viridis, 59, 62. 

Okeni, 59, 66. 

Oscillatoriaceae, 51, 52, 53. 
Oscillatorieae, 57. 

Palmella conferta, 17. 

Palmellaf tuberculosa, 16. 
Palmellaceae, 143. 

Palmelleae, 143. 

Percursaria, 245, 273, 274. 
percursa, 274; figure showing, opp. 
336. 


Phormidium, 53, 68. 
ambiguum, 68, 70. 
fragile, 68, 69. 

hormoides, 68, 69; figure showing, 
opp. 134. 
laminosum, 90. 

lucidum, 68, 71 ; figure showing, opp. 
124. 

submembranaceum, 68, 71. 
Phycochromophyccae, 3. 

Phycoseris lapathifolia, 265. 
liinzn, 265. 
lobata, 269. 

Placoma, 6, 11. 

violaeea, 12; figures showing, opp. 
130. 

Planosporaceae, 146. 
riectonema, 53, 78. 

Battersii, 79; figure showing, opp. 
124. 

Golenkinianum, 80. 
mirabile, 78. 

Pleurocapsa, 21, 23, 24, 26, .36. 
amethystea, 24. 

vnr. Sehmidtii, 31. 
conferta, 17. 

entophysaloides, 36, 38; figures 
showing, opp. 130 and 136. 
fuliginosa, 36, 39. 
glococapsoidcs, 36, 37 ; figures show- 
ing, opp. 132. 

Pleurococcus rufescens, 10, 

Polycystis, 13. 

Porphyra, 261. 

Prasiola, 9, 275, 276. 
borealis, 276, 277, 278 ; figures show- 
ing, opj>. 328. 
calophylla, 276, 277. 
doUcata, 276, 278; figures showing, 
opp. 342, 346, and 348. 
furfuracea, 278. 

mcridionalis, 276, 278, 279; figure 
showing, opp. 348. 
tcssclata, 278. 

Principes, 59. 

Pringsheimia scutata 
f. Cladophorao, 16, 33. 
Protococcales, 142, 143. 
Protococcoideae, 143. 

Protococcus 
rufescens, 10. 
turgidus, 11. 

Protosiphon, 154. 

Protosiphonaceae, 153, 154. 
Pseudodictyon, 287, 293, 294. 
geniculatiim, 293, 294; figures show- 
ing, opp. 330. 

Pseudospringshoimia, 287, 296, 297, 
299. 

apiculata, 300 ; figures showing, opp. 
342. 

confluens, 800. 
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Pseudulvella, 287, 296. 
amerieana, 297. 
applanata, 298, 299. 
conaoeiata, 296, 297, 298; figures 
showisg, opp. 346. 
prostrata, 296, 297; figures show- 
ing, opp. 330. 

Badaisia, 21, 26, 45. 
elavata, 46, 48 ; figures showing, opp. 
128. 

epiphytiea, 46, 49; figures showing, 
opp. 128. 

Oomontiana, 45. 

Laminariae, 46; figures showing, 
opp. 128. 

subitnmersa, 46, 47; figures show- 
ing, opp. 128. 

Bhisoclonium, 180, 181, 207. 
implexum, 182, 183, 184. 

Kerneri, 182, 185. 

lubricum, 181, 182, 185 ; figures 
showing, opp. 326. 
riparium, 182, 183. 
var. implexum, 184. 
var. polyrhisum, 182. 
f. validum, 185. 
tortuosum, 182, 185, 186. 

Biyularia, 105. 
atra, 106, 107. 
var. coadunata, 107. 
var. confluens, 106, 108. 
var. hemisphaeriea, 107; figures 
showing, opp. 138. 
Biasolettiana, 106. 

Contarenii, 97. 

mamillata, 106, 109; figures show- 
ing, opp. 134. 
nitida, 106, 108. 
parasitica, 98. 

Biviilariaceae, 51, 93. 

Bivularieae, 93. 

Bohisogoniaceae, 275. 

Schisogoniales, 142, 275. 
Schisogonium, 275. 

laetevirens, 286. 

Schisophyceae, 3. 

Bchisosiphon consociatus, 95. 
Behisotncheae, 83. 

Bcotinosphaera, 147. 

Bcytosiphon crectus, 259. 

Betcholl, W. A., 1-138, 139-374. 
Biphonales, 142, 153. 

Biphonocladeae, 179. 

Biphonooladiales, 142, 179. 
Birosiphoniaceae, 109. 

BpiruUna, 53, 55. 

major, 56 ; figure showing, opp. 124. 
subsalsa, 57. 
f. ooeanioa, 57. 

Bidmlineae, 53. 

Bpirulinoideae, 53. 

Bpongodium, 167. 


Bpongomorpha, 180, 220, 221, 222. 
areta, 222, 223, 224. 
f. conglutinata, 229. 
var. limitanea, 228. 
var. pulvinata, 229. 
coalita, 222, 225, 230, 231; figure 
showing, opp. 340; plate show- 
ing, opp. 372. 
duriuscula, 222, 225, 226. 

Hystrix, 222, 224, 225. 
lanosa, 221. 

Mertensii, 227, 228. 
saxatilis, 222, 226, 228. 

var. Ghamissonis, 227. 
spinescens, 229, 230, 231. 
Btigonemaceae, 109. 

Btigonemataceae, 51, 109. 

Btigonomeae, 109. 

Bymploca, 53, 80. 
aeruginosa, 81, 83. 
atlantica, 82. 
elegans, 81. 

funicularis, 81, 82; figure showing, 
opp. 136. 

hydnoides, 81 ; figures showing, opp. 
124. 

laeteviridis, 83. 

Bynechococcus, 6, 7. 

curtus, 7; figure showing, opp. 124. 
Bynechocystis, 6. 

aquatiUs, 6; figure showing, opp. 
124. 

Tetranema, 273. 

percursum, 274. 

Trentepohlia, 305. 
odorata 

var. umbrina, 306. 
umbrina 

var. quercina, 306. 

Tubularia, 244. 

Ulothrix, 282, 283. 
flacca, 196, 283, 284, 285. 
implexa, 283, 284. 
laetevirens, 283, 286. 
pseudoflacca, 283, 284, 285. 
f. major, 285. 
f. maxima, 285. 
f. minor, 285. 
subfiaccida, 283. 

Ulotrichaceae, 281, 282. 

Ulotrichalos, 142, 281. 

Ulva, 233, 260, 261, 262. 
angusta, 262, 264; plate showing, 
opp. 352; figure showing, opp. 
360. 

aureola, 234. 

califomiea, 262, 264, 271. . 
compressa, 251. 
eonglobata, 270. 
f. densa, 270. 

daetylifera, 263, 272 ; figure idiow- ^ 
ing, opp. 350. 
decorticata, 172. 
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Ulva (cont.) 

expansa, 262, 267, 268, 269. 
fasciata 

f. eaespitosa, 270. 
f. costata, 272, 273. 
f. expansa, 268. 
f. lobata, 269. 
f. taeniata, 268, 273. 
fenestrata, 262, 267. 
fulyeseens, 234. 
fusca, 242. 
intestinalis, 252. 

Laotuca, 261, 262, 263, 265, 266, 
270. 

var. latissima, 266. 
var. rigida, 242, 265, 270. 
mjriotrema, 266. 

latissima, 241, 261, 262, 266, 267, 
268. 

Linza, 251, 261, 262, 263; figures 
showing, opp. 332. 
lobata, 262, 268, 269. 
percursa, 274. 
plumosa, 161. 
reticulata, 267. 
rigida, 269, 270. 
splendens, 243. 

stenophjlla, 262, 271; figure show- 
ing, opp. 350; plate showing, 
opp. 356. 

taeniata, 262, 268, 273; plate show- 
ing, opp. 354. 

vexata, 262, 271; figures showing, 
opp. 342. 

Ulvaceae, 233. 

Ulvales, 142, 233. 

Ulvella, 287, 295, 296. 
americana, 296. 
conflucns, 299. 


fucicola, 299. 

Lens, 295, 296; plate showing, opp. 
374. 

prostrata, 297. 

Ulvelleae, 287. 

Urospora, 187. 
acrogona, 190. 
bangioides, 190, 194. 
collabens, 194. 
claviculata, 190. 
elongate, 190, 196. 
grandis, 195. 

Hartzii, 193. 
incrassata, 191, 193. 
mirabilis, 187. 
penicilliformis, 191, 195. 
Wormskioldii, 195, 197. 

Vaginaria, 85. 

.Vaginarieae, 83. 

Valonia ovalis, 155. 

Vaucheria, 156, 178. 

marina, 165. 

Vaucheriaceae, 177, 178. 

Vaucherideae, 178. 

West, G. S., cited, 146, 147. 
Xenoeoccus, 21, 30. 

acervatus, 31; figure showing, opp. 
132. 

Chaotomorphae, 28, 35 ; figures show- 
ing, opp. 126. 

Cladophorae, 16, 31, 33 ; figure show- 
ing, opp. 130. 

Gilkeyae, 31, 32; figure showing, 
opp. 132. 

pyriformis, 31, 34; figure allowing, 
opp. 132. 

Schousboei, 24, 30. 

Zygomitus, 294. 
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ERRATA 


Page 54, next to last line. For algae read alga. 

Page 85, line 35. For Booth., read Botth. 

Page 86, line 6. For Sirocoeoleum read Sirocoleum. 

Page 109, last line. For Forti read Kirehner. 

Page 114, line 26. For Anabaena read Anabaina. 

Page 115, line 7. For two read 2. 

Page 115, line 38. For cognitarium read cognitarum. 

Page 143, line 1. Delete (mxkkohini). 

Page 143, line 27. Delete (dbcaisks). 

Page 153, line 6. Delete (okev) and add (emend.) after Oltmanns. 

Page 156, line 1. Delete (boby). 

Page 156, line 32. For Bryopsidaceae read Bryopsideae. 

Page 163, lino 1. Delete (thubet). 

Page 163, line 18. Delete 'out.^ 

Page 166, line 9. Delete (tbevis). 

Page 179, line 1. Delete (bl\ckmann and tansley). 

Page 207, line 18. For antidates read antedates. 

Page 215, line 13. For Ovoidea read ovoidea. 

Page 219, line 4. Delete 1732, ed. 1. 

Page 219, next to last line. For Ucluot read Ucluelet. 

Page 227, line 2. For cells read segments. 

Page 256, line 30. At end of line insert (sub. F. flescuosa). 

Page 260, line 27. For filing read filling. 

Page 264, line 26. Insert comma after diam. 

Page 273, line 5. For teniata read taeniata. 

Page 275, line 23. For Blatosporaceae read Blastosporaceae. 

Page 288, line 18. For piliferem, read pilifenim. 

Page 289, line 35. For Stechell read Setchell. 

Page 302, line 25. For Keil read Kiel. 

Page 302, line 27. For Acrid-t 3 rpe read Acarid<type. 

Page 307, line 8. For 1-268 read 1-168. 

Page 307, line 9. For 269-531 read 169-531. 

Page 310, line 39. For Jajonicae read Japonicae. 

Page 311, line 36. For 1909 read 1809. 

Page 311, line 38. For 1909 read 1809. 

Page 314, line 30. For Ulrothricaceae read Ulotbricaceae. 

Page 315, after line 13. Insert 1762. Flora Anglica, ed. 1. London. 

Page 319, line 42. For Illutrationes read Illustrationes. 

Pjkge 319, line 42. For inprimio read inprimis. 

Page 320, line 35. For marine read marines. 

Page 326, line 23. For cribosum, read cribrosum. 

Page 370. Add (No. 628, Collins, Holden, and Setchell, Pbyc. Bor.- Am., 
referred unde^ Codium IAndbergn\ cf. p. 175 of text.) 
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